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PREFACE 

TO 

THE SECOND EDITION. 



The extraordinary progress of Organic Chemistry 
during the last few years and the experience gained 
since the publication of the first edition of this book 
would lead me to recast much of it, if not to remodel 
the entire work ; but for various reasons, and espe- 
cially on account of the difficulty of dealing with 
stereotype plates, I am unable to do this at present 
I have, however, endeavoured to correct errors which 
I had made, or which recent investigations have disr 
closed ; and besides doing this I have re-written a 
few sections, such as those on the terpenes, on the 
carbohydrates, and on the action of sodium on ethylic 
acetate, in order that they may more nearly represent 
the present state of knowledge. I have also entered 
at some length into a description of Kekul^'s benzene 
theory, which appears now to be established on an 
irrefragable experimental basis. I trust that these 
alterations and additions will have so increased the 
value of the work that it may ere \otv^ \i^ to:^ -^wiv- 
lege to endeavour to improve it i\\vtYv^i. 



vi Preface to the Second Edition, 

The first part deals with the methods employed in 
ascertaining the composition of Carbon Compounds ; 
the representation of carbon compounds by empirical 
formulae, and by formulae which not only express 
their composition, but also to a certain extent picture 
their nature, is then briefly discussed. After a short 
description of the action of various reagents on 
carbon compounds, the compounds of carbon with 
oxygen, with sulphur, and with nitrogen, are briefly 
considered. The great family of hydrocarbons are 
next described ; and the remaining families of carbon 
compounds are then considered in the order of their 
relation to the hydrocarbons, which are regarded as 
forming the parent series. 

A very large number of substances have necessarily 
remained unnoticed ; in fact, with few exceptions, only 
those compounds have been described of which the 
relations to other well-understood bodies have been 
satisfactorily established, the object of this work being 
to assist the systematic study of carbon compounds, 
and to draw attention to the intimate relations which 
exist amongst them, rather than to enumerate and 
describe individual compounds. 
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CHAPTER I. 

INTRODUCTION. 

^ Chemistry being defined as the study of the nature and 
"" properties of the various elements; of the laws according to 
which these elements enter into combination with each 
other ; and of the nature and properties of the compounds 
formed by their union ; organic chemistry may be generally 
defined as the chemistry of carbon and its compounds, since 
carbon is the one essential element in all organic com- 
pounds. 

The separation of chemical science into the two branches 
of inorganic and organic chemistry is in reality arbitrary, 
but it is convenient, simply on account of the enormous 
number, and special importance, of the compounds in- 
cluded in the latter division ; not that they are in any way 
subject to different laws from those which govern inorganic 
compounds. 

By the older definition, only such bodies as were formed 
within the animal or plant were included in the category of 
organic compounds. It was generally held that the interposi- 
tion of the so-called vital force was absolutely essential to 
their formation, and their artificial productvoiv -wsjs* \^"et^^w^ 
Tcfrarded as impossible. This idea, hov/evet, -was* ^\^y^<3^^^ 
^ B 
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by the synthesis * of urea^ a crystalline substance secreted in 
the urine of man and mammiferous animals, effected by 
Woehler in the year 1 828, and since that time many other 
organic bodies which occur natiu*ally have been artificially 
produced. 

The most important organic substances met .with in 
nature are those in which carbon is associated in various 
multiple proportions with the elements hydrogen and 
oxygen ; next in importance are those containing nitrogen 
in addition to these ; sulphur and phosphorus also are 
present in some few. A very large number have been ob- 
tained artificially, containing either chlorine or bromine, 
iodine, silicon, or one or other of the ipetals ; in fact, there 
is little doubt that any of the known elements may enter 
into the composition of carbon compounds. 

DETERMINATION OF THE COMPOSITION OF CARBON 

COMPOUNDS. 

I. Estimation of Carbon and Hydrogen, — All organic sub- 
stances, when burnt under favourable conditions with a 
sufficiency of oxygen, yield the whole of their carbon in the 
form of carbonic anhydride (CO2), and their hydrogen in 
the form of water. In order therefore to determine quali- 
tatively the presence of carbon and hydrogen, the substance 
is heated to redness either in oxygen gas, or mixed with an 
easily reducible metallic oxide, such as cupric oxide (CuO), 
and the gaseous products are passed first through a cold dry 
tube, and then into lime or baryta water. Provided that 
all the materials employed, and all parts of the apparatus, 
were in the first instance perfectly dry, the deposition of 
water in the cold tube, and the formation of a white preci- 
pitate (calcic or baric carbonate) in the lime or baryta water, 
would afford conclusive proof that the substance examined 
contained both carbon and hydrogen. 

' Synthesis : putting together. 
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The quantitative estimation of these two elements is in 
principle. the same, and simply consists in determining the 
amounts of carbonic anhydride and watel* yielded by a 
known weight of substance. In the following an outline of 
the method usually employed is given : — 

The combustion, as the operation is termed, is performed in 
a tube of hard Bohemian glass, drawn out at one end to a fine 
point and closed (fig. i). This tube must be perfectly dry. 
A length of about five inches at the closed end is filled with 
granulated, freshly-ignited cupric oxide, and if the substance 
to be analysed is solid,* a weighed quantity of it ('S-'S grm.), in 
as finely-divided a state as possible, is then introduced, rinsed 
down the sides of the tube by fresh cupric oxide, and intimately 
mixed therewith by means of a long polished brass wire ter- 
minating in a spiral (fig. 2). The tube is afterwards filled to 
within about two inches of the open end with cupric oxide, and 
the tared apparatus for collecting the water is attached by 
means of a well-fitting, dry cork ; it is then placed in the 
furnace, and the tared bulbs in which the carbonic anhydride 
is to be absorbed are attached to the drying tube by a short 
length of caoutchouc tubing. The disposition of the entire 
apparatus will be evident from fig. 3. 

The drying tube A contains porous pieces of calcic chloride, 
which readily absorbs water, but does not retain carbonic anhy- 
dride ; or pieces of pumice soaked in concentrated sulphuric 
acid; the latter being preferable owing to its superior desic- 
cating powers. The bulb apparatus B, in which the carbonic 
anhydride is retained, is filled with a solution of potassic 
hyiate, prepared by dissolving one part of the solid in two 
parts of water. 

The tightness of the various junctions having been ascer- 
tained, the fore part of the tube containing only cupric oxide 
is heated to redness ; when red hot, the mixture of substance 

' If the substance is liquid it must be sealed up in a small weighed 
glass bulb with a narrow stem drawn out to a fine point ; this is again 
weighed, the fine point is broken off, and the bulb is dropped into the 
tube. Oily or fatty bodies are placed in a porcelaiiv 01 ^\^\!\xwsa>aiaaX.^ 
which 'is pushed down the tube. 

B2 
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and cupric oxide is carefully heated, commencing at the 
end of the tube most distant from the absorption apparatus. 
The vapours of the substance then become entirely burnt to 
carbonic anhydride and water, in their passage over the red-hot 
cupric oxide: the water collects in the drying tube, and the 
carbonic anhydride is retained in the potash bulbs. The 
heat must be so regulated that a slow, uniform stream of 
gas bubbles passes into the bulbs. So soon as the tube is 
heated to redness from end to end, and gas ceases to be 
evolved, the fine point of the combustion tube is broken off, and, 
by means of an aspirator attached to the potash bulbs, a slow 
stream of air is drawn through the apparatus in order to carry 
over the carbonic anhydride and aqueous vapour remaining in 
the tube into the absorption apparatus. 

A better plan, however, is to connect the point of the tube 
with a gasholder filled with oxygen, and, after breaking off the 
point, to force a current of that gas through the tube. The 
oxygen must be previously passed through several tubes filled 
with pieces of solid potassic hydrate, and through concentrated 
sulphuric acid, in order to free it from all traces of carbonic anhy- 
dride and moisture. In this way, not only is the carbonic anhy- 
dride remaining in the tube swept over into the potash bulbs, but 
any portions of carbon which may have escaped combustion by 
the cupric oxide — and when difficultly combustible substances 
are burnt, this often occurs— are also converted into carbonic 
anhydride. 

The potash bulbs and drying tube are then detached, allowed 
to cool down to the temperature of the balance case, and 
weighed. The increase of weight represents the amounts of 
carbonic anhydride and water yielded by the combustion of 
the weight of substance employed. From these data it is easy 
to calculate the percentage composition of the body analysed. 

Since every 44 parts of carbonic anhydride cdfetain 12 parts 
of carbon, or every 1 1 parts 5, the amount of carbon in the 
weight of substance burnt is obtained by multiplying the weight 
of carbonic anhydride formed by 3 and dividing the product by 
II. Similarly, by dividing the weight of water by 9, we obtain 
the weight of hydrogen. 
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By simple rule of three — multiplying the amounts of carbon 
and hydrogen obtained by loo, and dividing the products by the 
weight of substance taken — we then ascertain the number of 
parts of carbon and hydrogen of which every loo parts of the 
substance consist 

For example, the following numbers were obtained by com- 
bustion of turpentine-oil : 

•2500 grm. gave '8085 grm. CO2, and '2655 grm. OH3. 
Now '8085 grm. COg = '2205 grm. C ; and '2655 grm. OH3 = 
•0295 grm. H ; hence every 100 parts of turpentine-oil consist of : 

Carbon 88*20 
Hydrogen 11 -80 

1 0000 

When substances containing nitrogen are burnt with 
cupric oxide, the greater part of the nitrogen is evolved as 
such, but a portion is always oxidised, and if nitric oxide 
is formed, it becomes converted into nitric peroxide on 
meeting with air in the potash bulbs, which is absorbed by 
the potassic hydrate, thus rendering the carbon determi- 
nation inexact. This source of error, however, is readily 
eliminated by placing a roll of metallic copper in the fore 
part of the tube in front of the cupric oxide. If kept at a 
bright red heat during the combustion, this decomposes 
any oxide of nitrogen, itself absorbing the oxygen and 
setting free the nitrogen. 

It is often necessary to substitute plumbic chromate for 
cupric oxide : compounds containing chlorine or bromine 
yield, when burnt with cupric oxide, volatile cupric chloride, 
or bromide, which condense in the drying tube ; sulphur 
compounds yield sulphurous anhydride, which is absorbed 
in the potash bulbs, and salts of the alkali metals yield a 
residue of metallic carbonate, which is not decomposed in 
contact with cupric oxide, so that too little carbonic anhy- 
dride is obtained. 

If such substances are burnt with plumbic chromate, 

Aowever, non-volatile plumbic chloride, bromide, and sul- 

Phate are formed^ and the alkali salts ate eivXvidy decom- 
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posed. The use of plumbic chromate is also advisable in 
the case of difficultly combustible substances. 

Determinations thus made are of course never absolutely 
correct — ^there is always a certain amount of experimental 
error. The carbon determination is usually from one to 
two-tenths per cent, too low, owing chiefly to incomplete 
combustion ; the hydrogen about the same amount too 
high, in consequence of the imperfect removal of adherent 
moisture from the combustion tube and other materials 
employed. 

Determination of Nitrogen, — The majority of nitrogenous 
organic substances, when strongly heated with potassic, or 
sodic hydrate, give off the whole or part of the nitrogen 
which they contain in the form of ammonia, but the follow- 
ing is the only test which permits the detection of nitrogen 
in all cases : 

The suspected substance is heated with a small piece of 
potassium or sodium, when violent reaction usually takes place ; 
the mass is dissolved in water, the solution filtered, a few drops 
of ferrous sulphate and ferric chlcxride solutions are added, and 
then an excess of hydrochloric add. If a blue precipitate 
(Prussian blue) remain, or is deposited from the greenish solu- 
tion on standing, nitrogen is present. (For explanation of the 
reactions which occur, see p. 62.) 

Nitrogen may be readily estimated in compounds from 
which the whole of the nitrogen is evolved as ammonia on 
heating with caustic alkali, by igniting an intimate mixture 
of a known weight of the substance with soda-lime ' in a 
glass tube, and collecting the ammonia in a bulb apparatus 
containing hydrochloric acid (fig. 4). 

Ammonic chloride is then formed, which is estimated as 
ammonic-platinic chloride as follows : — 

The hydrochloric solution is mixed with an excess of platinic 

* Soda-lime is a mixture of sodic hydrate and calcic oxide (quick 
lime) ; it is infusible at a red heat, and is easily powdered, whereas sodic 
hydrate is easily fusible and extremely hygroscopic, and cannot therefore 
be intimately mixed with the substance. 
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chloride, and evaporated to dryness on the water-bath ; the 
residue is treated with a mixture of alcohol and ether, which 
dissolves the excess of platinic chloride, leaving the ammonic- 
platinic chloride (NH4)3PtClQ, which is collected on a tared 
filter, dried at ioo°, and weighed ; or the salt and its filter are 
carefully ignited in a crucible, and the amount of metallic 
platinum remaining determined. 

Since (NHJjPtClo : N, « 446 : 28 
or Pt : Na =» 197 : 28 

then, \i X ox y be respectively tne weight of double salt, or of 
metallic platinum, obtained, the weight of nitrogen, N, contained 
in the weight of substance («/) taken for analysis, is obtained 
by the following proportions : 

446 ; 28 « r : N 
197 : 28 = J/ : N 

and the number of parts of nitrogen (n/) contained in every 
100 parts of the substance analysed by the proportion : 

N : 100 = w : N/. 

The amount of ammonia formed may also be determined by 
conducting it into a measured volume of sulphuric acid of 
known strength, and determining after the combustion by titra- 
tion the amount of acid still unneutralised. 

To determine nitrogen in compounds which do not 
evolve the whole of the nitrogen they contain as ammonia 
when heated with alkali (nitro-compounds, &c.), Dumas' 
volumetric method, which indeed is applicable in all cases, 
is employed. 

The substance is intimately mixed with cupric oxide, as in 
the determination, of carbon and hydrogen, and a roll of 
metallic copper is placed in the fore part of the tube ; but 
before filling in the cupric oxide, a quantity of hydric sodic 
carbonate, NaHCOj, or of a mixture of dry sodic carbonate and 
potassic dichromate, sufficient to occupy about six inches at the 
sealed end of the tube, is introduced. The tube is provided 
with a delivery tube, dipping under mercury (fig. 5). Before 
commencing the combustion, a portion of the hydric sodic car- 
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bonate, or of the chromate mixture, is heated ; carbonic an- 
hydride is evolved,^ and expels the air from the tube. When 
the escaping gas is found, on testing, to be entirely absorbed 
by potassic hydrate solution, a graduated glass vessel, two- 
thirds filled with mercury and one-third with potassic hydrate 
solution, is inverted over the delivery tube, and the metallic 
copper and cupric oxide, and afterwards the mixture of sub- 
stance and oxide, are heated to redness. The products of 
combustion, viz. carbonic anhydride and nitrogen, pass over 
into the graduated tube, where the former is absorbed by the 
potassic hydrate. At the close of the combustion, the remaining 
sodic carbonate is heated,and the whole of the nitrogen in the tube 
swept over by the current of carbonic anhydride. The tube is 
then transferred to a vessel of water, and the mercury and 
potassic hydrate solution are allowed to fall out and become 
replaced by water; it. is then raised perpendicularly until the 
water in and outside are on a level, and the volume of nitrogen 
is read off, the temperature and pressure under which it is mea- 
sured are also noted, and from these data the weight of nitrogen 
w, is calculated by the formula : 



w = '0012566 V 



B-/ 



I + '00367/° 760 

in which V is the volume read off in cubic centimetres, f^ the 
temperature of the gas, B the height of the barometer in milli- 
metres, and /the tension of aqueous vapour at the tempera- 
ture /°, expressed in millimetres of mercury. The constant 
•0012566 is the weight in grammes of one cubic centimetre of 
nitrogen at o°C. and under 760 mm. pressure. 

Determination of Oxygen^- — No simple method of esti- 
mating oxygen has been devised. It is usually estimated 
by difference, that is, by determining all the other elements 
present in the compound, and deducting the sum of their 
percentages from loa 

Determination of Chlorine^ Bromine^ Iodine^ Sulphur^ 
and Phosphorus, — These elements can seldom be detected 

» 2NaHC03 = CO3 + OH2 + NaaCOa. 
Na^COs -^-KaCraOy^COa + NaaCrO^+K^CrOv 
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in organic bodies by the ordinary tests, but only after 
destroying the compound by ignition with an alkali or a 
metallic oxide, or by heating with concentrated nitric acid. 

A variety of methods for determining these elements 
have been proposed, but one of the simplest is that devised 
by Carius. 

A weighed quantity of the substance (•2-'3 grm.) is intro- 
duced, together with about 5 grms. of nitric acid (Sp. gr. 1*5) — 
and if the substance contain chlorine, bromine, or iodine, a few 
crystals of argentic nitrate — into a piece of combustion tube 
15-18 inches long, securely sealed at one end The open end 
is next drawn out to a point and sealed, and the tube is then 
heated in an oil-bath for 2-4 hours, at a temperature of 150®- 
300®, according to the nature of the substance. When cool, 
the point of the tube is carefully opened in the blow-pipe flame, 
the gas is allowed to escape, the top of the tube is cut off, and 
the contents washed into a beaker. Supposing the substance to 
have contained chlorine, bromine, or iodine and sulphur, or 
phosphorus, the argentic chloride, bromide, or iodide, is filtered 
off and weighed ; the excess of silver in solution is precipitated 
by hydrochloric acid, the precipitate is removed by filtration, 
and the sulphur or phosphorus, present in the filtrate as sul- 
phuric or phosphoric acid, may then be determined in the usual 
manner by precipitation as baric sulphate, or ammonic magnesic 
phosphate respectively. 

Chlorine (bromine or iodine) may also be estimated by 
heating the substance to redness in a tube with pure quick- 
dime, whereby calcic chloride (bromide, iodide) is formed. 
The contents of the tube are afterwards dissolved in dilute 
nitric acid, and the chlorine (bromine or iodine) precipi- 
tated as argentic chloride (bromide or iodide). Again, 
sulphur and phosphorus may be determined by fusing the 
organic substance with pure sodic hydrate and potassic 
nitrate, or by heating in a tube with sodic carbonate, or 
potassic chlorate. In all these cases a sulphate, or phos- 
phate, is formed by the oxidation of the suVgtoMii, ox ^ov 
phorus^ which is then estimated in the usual taani^sx. 
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All other elements occasionally met with in organic 
compounds are determined by the ordinary methods, but 
usually after the organic character of the substance has been 
destroyed by ignition or oxidation. 

miPIRICAL FORMULiE. 

Having determined the percentage composition of an 
organic substance, it is easy to deduce the empirical formula, 
or simplest expression of the results of analysis in terms of 
the values represented by the symbols of the elements 
present in the compound. 

The method is to divide the percentage numbers by the 
combining weights of the elements to which they refer, and 
afterwards to reduce the quotients to their simplest expres- 
sion. The following examples may serve as illustrations : — 

By analysis of acetic acid, it is found that loo parts 
consist of 

Carbon 39*96 

Hydrogen 674 

Oxygen (by difference) . . . 53*30 

lOO'OO 

By dividing these numbers respectively by the combining 
weights of carbon, hydrogen, and oxygen, thus — 

12^ = Z'Z^ > ^ = 674 I ^^ = 3'33y 

numbers are obtained as quotients which, bearing in mind 
the unavoidable errors of experiment, evidently are in. the 
proportion of i : 2 : i ; the empirical formula (CH2O) is 
therefore assigned to acetic acid. 

Again, 100 parts of turpentine -oil contain 

Carbon 88*20 

Hydrogen Ti-8o 

1 00 'GO 
J2C^ f«:£? = 7-35 ; IL:?2 = xv&O. 
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Dividing the quotient li'So by the quotient 7*35 
( ^— ^ = i'6 j, it is found that for every unit weight of 

carbon, turpentine contains i '6 unit weights of hydrogen, 
or 10 of carbon and 16 of hydrogen ; consequently the 
simplest expression of the composition of a substance con- 
taining 88 '20 per cent of carbon and 11 -80 per cent, of 
hydrogen is given by the formula CsHg. 

If the numbers obtained by analysis were rigidly exact, 
there would evidently be no difficulty in determining the 
empirical formula of any compound, but since this is not 
the case, it is often necessary, in order to arrive at the 
true expression, not only to analyse the substance itself, 
but also to examine its behaviour under various con- 
ditions, and to prepare from it, if possible, and analyse, a 
series of derivatives. In all cases, to ascertain how far the 
empirical formula calculated is admissible, the percentage 
composition of a body having the formula deduced must be 
calculated and compared with the percentage numbers ob- 
tained by actual analysis ; if the two agree within the limits 
of usual error of experiment, the formula may be accepted. 
For example, the percentage composition of narcotine as 
found by analysis is : 

Carbon .... 6378 per cent. 
Hydrogen . . . • 576 „ „ 
Nitrogen . . . • 3*32 „ „ 
Oxygen . . . .27-14 



» w 
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from which the formula C22H23NO7 has been deduced. 
Calculating the percentages required by that formula as 
follows : — 

Carbon . . . . 22 x 12 = 264 

Hydrogen . . . 23 x i = 23 

Nitrogen . . . i x i^v = \^ 

Oxygen . . . . .j ^ ^6 = xvt_ 
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it is evident that there is a fair agreement between the 
calculated and experimental numbers ; as is usual, the 
analysis shows a slight excess of hydrogen, and a slight 
deficiency of carbon. 



MOLECULAR OR TWO-VOLUME FORMULiE. 

The formulae generally employed to represent chemical 
compounds are what are termed molecular formulae : on the 
atomic hypothesis they are regarded as expressing the abso- 
lute number of atoms of the various elements contained in the 
molecules, or least quantities capable of existing in the free 
state, of the compounds to which they refer. 

Apart from this hypothesis, however, the so-called mole- 
cular formula of a compound is, as a matter of fact, that 
formula which expresses the relative number of unit weights 
of the elements of which it is composed present in a volume 
of its vapour equal to the volume occupied by two unit 
weights of hydrogen under the same conditions as to tempera- 
ture and pressure. 

All formulae constructed on this understanding therefore 
represent comparable quantities of the substances to which 
they refer taken in the gaseous state. 

Thus the formula C2H4O2, for acetic acid, represents that 

it is a compound of two unit weights, or 12 x 2 parts, of 

carbon ; of 4 unit weights, or 4 x i parts, of hydrogen ; 

and of 2 unit weights, or 2 x 16 parts, of oxygen, the 

which 60 parts (24 + 4 -f- 32) of ac^c acid occupy in 

^ g^aseous condition the same volume as two i^arts of 
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hydrogen at the same temperature and under the same 
pressure. 

If then it be agreed to consider the volume occupied by 
two parts by weight of hydrogen at any temperature and 
imder any pressure as two volumes, the formulae which re- 
present the number of parts by weight of the substances to 
which they refer, which occupy in the gaseous state the 
volume of two parts by weight of hydrogen imder like con- 
ditions as to temperature and pressure, may conveniently 
be termed two-volume formulae. It is obvious that the 
equations in which these formulae are made use of represent 
not only the number of parts by weight, but also the number 
of volumes in the gaseous state, of the agents and resultants. 
Thus the equation representing the combustion of marsh 
gas in oxygen : 

CH4 + 2O2 = CO2 + 2OH2 

conveys the information that sixteen parts by weight o£ 
marsh gas, or two volumes, burnt with sixty-four parts by 
weight, or four volumes, of oxygen, )deld forty-four parts by 
weight, or two volumes, of carbonic anhydride, and thirty- 
six parts by weight, or four volumes, of water (gas). 

The two-volume formula may be either identical with, or 
some simple multiple of, the empirical formula. For example, 
the empirical formuU of turpentine (p. 13) is CsHg, but a 
determination of its vapour density shows that the number of 
parts by weight expressed by this formula only occupy the 
same volume as one part by weight of hydrogen ; therefore, 
in order that the formula may represent the quantity of tur- 
pentine which occupies two volumes, the empirical formula 
must be doubled, and thus it becomes CioHig. 

Similarly the empirical formula deduced from the analysis 
of benzene is CH, but according to the vapour density 
determination, CgHe is the two-volume formula of benzene. 

It is not always possible to determine d\i^cx!i^ ^•^ n^- 
iume vMch any particuhr weight of a gweii coxk^omtA^^ 
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occupy in the gaseous state, since many substances either 
cannot be volatilised, or suffer decomposition when con- 
verted into vapour. In such cases a variety of physical and 
chemical considerations have to be taken into account in 
determining the formula, such as the specific heat, specific 
gravity, and more especially the mode of formation of the 
compound; its behaviour under the influence of reagents ; 
and its conversion into substitution derivatives. The 
acceptance of formulae thus deduced, therefore, necessarily 
involves the assumption, that, could the substances be vola- 
• tilised unchanged, the number of parts represented by the 
respective formulae would occupy, in the gaseous condition, 
' the same volume as two parts by weight of hydrogen at the 
same temperature and pressure. 

Moreover, it is not always the formula deduced from the 
ascertained vapour density of the substance which is ac- 
cepted as the true two-volume formula. 

The compounds phosphorus pentachloride, sulphuric 
acid, and isoam:ylic iodide, for example, are always repre- 
sented respectively by the formulae PCI5, H2SO4, and 
CgHjjI, whereas according to experiment the amounts 
represented by each of these formulae occupy in the gaseous 
state a greater volume than two parts of hydrogen at the 
same temperature and under the same pressure. But exami- 
nation shows that when these bodies are converted into 
vapour, and heated above their boiling points, they are de- 
composed : thus PCI5 is converted into PCI3 4- CI2 ; 
HjS04 into SO3 + OH2 ; CgHnI into C5H10 4- HI. 

The term disassociation, or dissociation, has been aptly 
applied to this decomposition of bodies by heat Dissocia- 
tion usually commences at, or a few degrees above, the 
boiling point of the compound ; it is then only partial, 
however, but becomes more and more perfect as tfce tem- 
perature is raised, until finally the whole of the compound is 
decomposed. In the case of bodies, such as the above- 
mentioned, which split up into two oticieis oii. Vvea.tia^, the 
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vapour then occupies double the space which it would fill 
if the compound volatilised without undergoing decomposi- 
tion.^ 

It is not to be supposed that the vapour of a sub- 
stance undergoing dissociation is in a quiescent state, or 
that the phenomenon consists merely in the simple pro- 
gressive resolution of the compound into simpler bodies. 
There is little doubt that whilst portions of the compound 
are decomposed, a certain proportion of the products of 
decomposition recombine and reproduce the original com- 
poimd ; so that at any particular temperature below that 
at which decomposition is complete, the vapour consists of 
a mixture of the original compound with its products of 
decomposition, and it is only when the temperature has 
risen so high as entirely to overcome this tendency of the 
decomposition products to recombine — or, more strictly 
speaking, that the extent to which recomposition takes place 
is exactly equalled by the extent to which decomposition 
is effected — that dissociation is complete. 



* The following table shows the rate at which, according to experi- 
ment, phosphorus pentachloride is decomposed. Its boiling point is 
about i6o°-i65° 9 ^^'^ ^'^ calculated density of its vapour referred to 

hydrogen as unity is 104*25 ( -2 ^ ^ ^^ ^ j , whilst the density of a 

mixture of equal volumes of phosphorus terchloride and chlorine is half 
as great, or 52*125. 



Temperature. 


Vapour Density. 


Percentage of 
Decomposition. 


182° 


76-2 


417 


190^ 


72 


44*3 


7.0CP 


700 


48-5 


230° 


62 


674 


250** 


577 


830 


274<=> 


55*4 


87-5 


288<=> 


52*9 


96 1 


300=> ^ 


52 6 


\ 91 ^ 

» _ _ 
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It is evident that the decomposition products of a com- 
pound can only be present in the vapour in such propor- 
tions that the amount of the one is exactly sufficient to 
reproduce the original compound if combined with the 
whole of the other ; neither being in excess, the attraction 
between them is a minimum one. By increasing the pro- 
portion of the one to the other, it may be expected, however, 
that the tendency to recombine will be increased, and, 
indeed, that if a sufficient excess of the one be present, the 
original compound will be reproduced as rapidly as it is 
decomposed ; so that practically the vapour would possess 
the same density as if the substance volatilised unchanged. 

Conditions such as are required by these considerations 
are obtained when a mixture of phosphorus penta- and 
ter-chlorides, for example, is converted into vapour, and 
it is found that the density of the pentachloride thus 
determined closely corresponds to that required by the 
formula PCI5. In this case, no doubt the chlorine momen- 
tarily set free by the decomposition- of the pentachloride 
by heat, being in presence of a considerable excess of phos- 
phorus terchloride, is able at once entirely to combine with 
it and to re-form the pentachloride. 

The extension of this method of observation to those 
other compounds which dissociate, will probably in most, 
if not in all cases lead to like results. 

This fact with regard to the behaviour of phosphorus 
pentachloride, added to the evidence afforded by its 
chemical behaviour, appears then thoroughly to justify the 
assumption that the observed vapour densities of such 
compounds as the above-quoted are abnormal, or, in other 
words, that the formulae PCI5, H2SO4, CsHnI, &c., are 
really those which denote the relative weights of these 
substances which would form two volumes of vapour, could 
they be volatilised unchanged. 
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DETERMINATION OF VAPOUR DENSITY. 

From the foregoing it is evident that the determination 
of the vapour density, or specific gravity of the vapour, of 
a compound is a most important operation. Two methods 
are in use — Dumas* and Gay Lussac's. By the first the 
weight of a given volume of the vapour is determined ; by 
the second the volume which a given weight of the sub- 
stance occupies in the gaseous state is ascertained. 

Duma^ method. — The neck of a light glass flask, from 50 to 
300 cubic centimetres in capacity, according to the nature of 
the substance, and the amount at the disposal of the operator, 
IS softened in the blow- pipe flame and drawn out to a fine point, 
as represented in fig. 6. After the weight of the perfectly 
clean dry flask has been ascertained — the atmospheric tempe- 
rature, and the height of the barometer at the moment of weigh- 
ing are carefully noted — from 5 to 10 grms. of the substance 
are introduced by warming the flask, and then plunging the 
point into the liquid,^ which is forced upwards as the vessel 
cools. The flask is then plunged, point upwards, into a bath 
of water, oil, or fusible metal, heated to the required tempera- 
ture. ' The liquid is rapidly converted into vapour, which, if 
suflicient substance be employed, expels the whole of the air 
fi-bm the flask ; so soon as vapour ceases to issue, and the tem- 
perature of the bath is constant, the fine point is hermetically 
sealed by the application of a blow-pipe flame, and simulta- 
neously the temperature of the bath and the height of the baro- 
meter are noted. After cooling, the flask is cleansed externally, 
and again weighed — the operator noting at the same time the 
temperature and the height of the barometer ; the point of the 
neck is then broken off under mercur}', or water recently 
boiled and allowed to cool out of contact with the air; the 
mercury, or water, rushes into the globe, owing to the vapour 
being condensed, and, if all the air have been expelled, com- 
pletely fills the flask. By measuring or weighing afterwards 
the amount of mercury or water which thus enters, the capacity 

» Solids are introduced before the neck of the ftask. Vs ^x^Nm owX. 

c 2 
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of the flask is ascertained. If tfie flask contain air, it will not 
be entirely filled ; the volume of the air which remains is then 
determined by refilling the flask entirely with mercury or water, 
after the amount which first enters has been ascertained, and 
again weighing or measuring. The difference between the two 
measurements represents the volume of air retained in the 
flask. 

It is in all cases advisable to heat the vapour to a temperature 
considerably above the boiling point of the substance, since the 
vapours of most compounds act only as perfect gases at tem- 
peratures some distance from their condensing points. For 
example, acetic acid, which boils at 117°, has at temperatures 
near to its boiling point a vapour density one and a half times as 
great as at 250° and upwards, as is evident from the following 
table : 

Temperature 125** 130^ \\qP 160° 190® 250® 300° 
Vapour density 46*1 45*0 41*8 357 33*1 30-01 30*01. 

Few compounds, however, are so exceptionally abn^lrmal in 
this respect as acetic acid. 

The data obtained in the above manner, from which the 
density (d) is calculated are : 

(i) The weight (w) of the flask filled with ah: at the 
temperature /° and pressure /. 

(2) The weight (w') of the flask filled with the vapour of 
the substance at the temperature f and pressure/'. 

(3) The capacity (v) of the flask in cubic centimetres. 

In order to ascertain the weight (w°) of the vacuous flask, 
the weight of,ajir> (?e^)»w}ik}hr itvcontains* mil^t be deducted 
from the >^5e^ht of the flask filled with air : 

'' .♦ w° = w — 7e/ 

■'.'»'. 
now T ex. of air at o°C. and 760 mm. weighs '001293 grm.; 

hence : 

V X 27'? X A ^ V X 273 X 760 
w = •ooi2Q'i '^^ — -<-— or a/= '001203 — — '- — 

273 4- /° X 760 ^^ 273 +/° x/ 

according a,sj> is greater or less than 760 mm. 
Deducting the weight of tl:ie \acaoM^ ftask (w°) from 
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the weight of the flask filled with vapour (w'), the weight 
of substance (s), which in the state of vapour at the tem- 
perature /°' and pressure/' occupies the volume v, is ascer- 
tained. 

s = V — w® 

Since the density referred to hydrogen is required, the 
weight (h) of an equal volume (v) of hydrogen at the same 
temperature (/°') and pressure (/') must then be ascer- 
tained : now I C.C. of hydrogen at o° and 760 mm. weighs 
•0008936 grm. ; therefore : 

o z: VX 2734-/°'x/' o ./: VX273 + ^'X76o 

h='ooo8q36 ^^ ^ — ^or •0008036 ^-^-^- — 7— i— 

273x760 ^ 273 x/' 

(I) w 

according as p' is greater or less than 760 ; hence : 

H 

In accurate experiments a correction must be made for 
the expansion on heating, and consequent change of capa- 
city, of the flask ; also for the errors of the mercurial ther- 
mometer, and moreover, allowance must be made if the 
temperature and pressure at the second weighing are 
diflerent from the temperature and pressure at the time 
of first weighing the flask filled with air. 

If the air be not wholly expelled from the flask by the 
vapour, the volume {v) of this residual air at the temperature 
f^' and pressure/' must be deducted from the capacity of the- 
flask (v), and w-v substituted for v in the last of the above 
formulae, in calculating the weight of the volume of hydrogen 
which occupies the same space as the vapour of the sub- 
stance, which, in such a case, of course has the volume v-v. 

It was usual formerly to refer the vapour density to air 
as unity. To convert the density referred to air into the 
density referred to hydrogen, divide by '0693, the specific 
gravity of hydrogen referred to air as \m\ty. 
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Dumas' method is not only applicable to all compounds 
whose boiling points are within the range of the mercurial 
thermometer, but to volatile compounds generally, whatever 
the boiling point. In these cases the flask is heated in the 
vapour of a substance of known boiling point, such as 
mercury, (b.p. 350°), sulphur (b.p. 440°), cadmium (b.p. 
860°), or zinc, (b.p. 1040°). Glass flasks may be employed 
with the two former, but in the other cases flasks of porce- 
lain must be used. With such vessels Deville and Troost 
have even made determinations at the high temperature of 
a wind furnace ; placing in the furnace, in order to deter- 
mine the temperature, a second flask containing iodine. 
After the experiment the amount of iodine remaining in the 
flask was estimated, and the rate of expansion of iodine 
vapour, and the capacity of the flask, and the rate of 
expansion of its substance, being known, it was easy to 
calculate from these data the temperature to which the 
flasks had been exposed. 

Gay Lussads method, — The weighed quantity of substance 
enclosed in a thin glass bulb is introduced into a short gradu- 
ated tube filled with mercury, which is supported in an iron cup 
containing mercury, and plunged into a cylindrical glass bath 
filled with heated water, oil, or paraffin (fig. 7) ; the glass bulb 
is soon burst by the expansion of the contained substance, 
and the tube becomes partly filled with vapour. When the 
temperature is sufficiently high and constant, the volume of 
the vapour and the temperature to which it is heated are 
noted, as well as the hdght of the column of mercury in the 
-tube, the height of the column of water, or oil, pressing on the 
base of the column of mercury, and the atmospheric pressure as 
registered by the barometer. From these data th4 vapour 
density may be readily calculated. 

Gay Lussac's method is only available for substances whose 
boiling points are considerably below that of mercury. It has 
the advantage over Dumas', however, of requiring but a small 
quantity of substance. 

A most valuable modifLcai\AOVi of this melYvod V"as» \aXi^^ 
beea devised by Professor Hofmann, who eia^Vo^j^ i^^- ^^ 
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graduated glass tube closed at one end, about i,ooo mm. in 
length and 15-20 mm. in width, which is filled ^ith mercury, 
and the open end inverted in a vessel containing mercury. 
It is surrounded by a cylindrical glass jacket, through 
which, according to the temperature at which the deter- 
mination is to be made, a current of the vapour of boiling 
alcohol, water, aniline, or some other substance of constant 
boiling point, is urged, whereby the substance previously in- 
troduced into the tube in a minute stoppered glass bottle 
is converted into vapour. The volume which the vapour 
occupies, the temperature to which it is heated, the height 
of the mercury column in the tube, and the atmospheric 
pressure ^ are noted ; the weight of a quantity of hydrogen 
which at the same temperature and under the same pressure 
would occupy the same volume as the vapour of the amount 
of substance taken is then calculated, and by dividing this 
weight of hydrogen into the weight of substance taken, the 
vapour density of the substance in question is ascertained. 
The boiling points of all substances are considerably 
lowered by a reduction of pressure, and not only so, but the 
tendency to decompose which many exhibit at temperatures 
close to the boiling point, under ordinary pressures, is 
greatly lessened. Now it is evident that when the tube is 
inverted as above described, there will be a considerable 
empty space at the top ; into this the substance volatilises, 
and is converted into vapour under reduced pressure, and 
therefore at a temperature much lower than its boiling point 
under ordinary conditions ; for example, the vapour density 
of aniline, which boils at 182° under a pressure of 760 mm. 
of mercury, may be in this way determined by heating the 
tube by the vapour of boiling water (too°) ; hence the 
great value of this method and its superiority over Gay 
Lussac's. 

* The mercury column in the tube balances a certain proportion of 
the atmospheric pressure, hence the pressure on the vapour is equal to 
the difference between these two meas\xremenls. 
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RATIONAL FORMULiE. 

By common consent, the arrangement of the elementary 
symbols composing the two-volume formulae of chemical 
compounds in certain ways is understood to imply certain 
facts with regard to the nature and properties of the 
compounds represented, and more especially with regard to 
the modes in which they are formed, and in which they 
undergo decomposition. Formulae which fulfil these con- 
ditions are termed rational formulae ; they constitute, in fact, 
the chemist's shorthand, and it behoves the student therefore 
early to become acquainted with the meaning attached to 
the various arrangements of symbols in common use. 

The following instances will serve to render the functions 
of rational formulae more intelligible, and also to show that 
several rational formulae may be employed to represent one 
and the same compound, according to the amount of infor- 
mation it is desired to convey. 

1. Thus we write acetic acid, whose two- volume formula 

IS C2H402> 

H.C2H302) 

and mean to express thereby that it is a monobasic acid, 
or one in which one unit weight of hydrogen is replaceable 
by the equivalent quantity of a metal, such as sodium, silver, 
&c., to form such salts as sodic acetate, NaC2H302, or ar- 
gentic acetate, AgC2H302. This convention of placing one 
or more units of hydrogen apart on the left of the formula 
is generally applied to the acids, it being agreed to denote 
the basicity of an acid, i.e. the number of units of hydrogen 
replaceable by metals which it contains, by the number of 
units of hydrogen written to the left of the point. 

2. A seconc^npre developed rational formula for acetic, 
acid is ^^ 

C2H3O.OH 

which has reference to such reactions as \^a\. nvVyOcv ocoa 
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between this acid and phosphorus pentachloride, repre- 
sented by the following equation : 

C2H3O.OH + PCI5 = C2H3O.CI + HCl -fPOCls 

and one of the meanings to be attached to any formula in 
which the (OH) or hydroxyl-group, as it is termed, figures is 
that when the body represented is acted upon by PCI5 it 
will exchange (OH) for CI. 

3: By certain means one proportion of hydrogen in marsh 
gas (methane), CH4, may be replaced by iodine, forming 
iodomethane, CH3I, which, by the action of potassic cyanide, 
is converted into cyanomethane, CH3(CN) ; if this body 
be heated with water in presence either of acids or alkalies, 
it is resolved into acetic acid and ammonia. Conformably 
to this mode of formation of acetic acid, its formula may be 
written 

CH3.CO2H 

and the reaction is expressed by the equation : 

CH3.CN + 2OH2 = CH3.CO2H + NH3. 

4. Lastly, by reason of the reaction with phosphorus 
pentachloride, the group CO2H is resolved into CO (OH), 
so that the formula becomes 

CH3.C0(0H) 

and it is found that all the various reactions in which 
acetic acid takes part are capable of representation by this 
formula. 

Then we write sodic acetate : 

CH3.C0(0Na), or CH3.C02Na, but not CH2Na.C0(0H), 

because it is found that when acted upon by PCI5 (ONa) 
is removed and replaced by chlorine, just as (OH) is in 
acetic acid : 

CII3. CO(OH) + VC\^ = CH3.COCI 4- POCI3 + HCl, 
CIIj.CO(ONa) + PCI5 = CH3.C0C\ -V l?OeV^ -V NaCl. 



I 



Rational Formula. 27 

And since the other salts of acetic acid exhibit d precisely 
similar behaviour, they are represented generally by such 
formulae as CH3.CO2M' and (CH3.C02)2M", &c, in which 
M' and M" denote monad and dyad metals respectively. 

Again, monochloracetic acid, the first product of the 
action of chlorine on acetic acid, is written : 

CH2C1.C0(0H), and not CH3.C0(0C1) 

because we find that it exchanges (OH) for CI when acted 
upon by PCI5 ; thus : 

CH2C1.C0(0H) + PCI5 = CH2CI.COCI + POCI3+HCI. 

In short, the employment of such a group of symbols as 
(CO.OH) as part of a formula denotes that the compound 
represented will, when treated by certain reagents, be 
affected in certain ways : that it will form metallic salts ; 
that it will exchange OH for CI when acted upon by PCI5 ; 
that it may be obtained probably from a body bearing to it 
the same relation that acetic acid, CH3.CO2H, bears to 
methane, CH4, by replacing hydrogen in that body by 
iodine, this in turn by cyanogen, (CN), and heating the 
product with water, &c. 

Rational formulae, such as the above, are frequently termed 
constitutional formulae, and by some structural formulae. 
The use of these terms seems to imply, however, that such 
formulae express the constitution, or structure, of the bodies 
to which they refer ; but we must guard ourselves most 
carefiiUy against this impression, since, hypothesis aside, 
we possess no real knowledge as to the internal constitution 
of chemical compounds, or of the mode of arrangement of 
the atoms of which bodies are presumed to be made up, and 
although rational formulae may represent the proximate con- 
stitution of chemical compounds, yet in the present state of 
our knowledge it is advisable to regard them simply as con- 
densed symboUc expressions of the chemical nature ^xvd 
mode of formation of Aq compounds Tepx^?»^xv\.e^\ ^<e^ 
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enable us, so to speak, to decipher at a glance the chemical 
history of compounds. 

Graphic formuice are a still more developed form of 
rational formulae. For example, the graphic formula for 
acetic acid is 

H O 



H— C— C— O— H 

I 
H 

Here the fact that tetrad carbon is capable of uniting with 
four unit weights of monad hydrogen (as in marsh gas, CH4), 
or with two unit weights of dyad oxygen (as in carbonic 
anhydride, CO2), is represented by the four lines proceeding 
from the elementary symbol C ; similarly dyad oxygen is 
represented by the elementary symbol O, with two lines ; 
monad hydrogen by H, with one line. This formula, there- 
fore, to a certain extent necessarily assumes that in acetic 
acid one atom of tetrad carbon is directly united with 
three atoms of monad hydrogen, and also to a second 
atom of carbon, with which one atom of dyad oxygen is 
wholly, the second atom partially united, the latter* being in 
union with an atom of hydrogen. 



P0I.YMERISM, MITTAMERISM, ISOMERISM. 

I. Bodies of the same percentage composition, but of dif- 
ferent vapour densities, do^ttoxTCitd polymeric. Thus aldehyde^ 
C2H4O, is pol)niieric with paraldehyde^ CeHjgOa — forty- 
four parts of aldehyde vapour and 132 (44x3) parts of 
paraldehyde vapour each occupy the same volume as two 
parts of hydrogen under like conditions of temperature 
and pressure. The unit weights of polymeric compounds 
^re always different simple multiples of the same empirical 
formula, the unit weight of a compoMivd being the sum 
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of the unit weights of its constituents, each multiplied 
by the suffix which indicates the number of unit weights 
present in two volumes of vapour. Thus the unit weight 
of acetic acid, C2H4O2, is sixty (12x2-1-1x4 + 16x2), 
and it is always in that proportion, or some simple multiple 
thereof, that acetic acid enters into reaction with other sub- 
stances. 

2. Bodies of the same percentage composition and same 
vapour density, which exhibit differences, more or less 
marked, in physical properties, but which behave in nearly 
all cases dissimilarly when acted upon by the same reagents, 
are said to be metameric. The three compounds, allylic 
alcohol, propionic aldehyde, and acetone, each represented 
by the undeveloped rational formula CaHgO, are thus 
related : the first is entirely decomposed on oxidation ; the 
second yields propionic acid, C3H6O2, when similarly 
treated \ whilst the third is resolved into formic and acetic 
acids. 

The developed rational formulae which we are led to 
assign to these compounds are also, as a comparison will 
show, very different ; thus : 

C3H5.OH C2H5.COH CO(CH3)2 

Allylic alcohol Propionic aldehyde Acetone 

3. Two or more bodies of the same percentage composi- 
. tionand same vapour density, which differ to a greater or less 

extent in physical properties (boiling point, specific gravity, 
&c.), and which either exhibit a similar behaviour under the 
influence of certain reagents, or, by their immediate formation 
from, or conversion into, the same compound, are shown to 
be members of the same series of compounds, are termed 
isomeric. The products obtained from isomeric bodies by 
various reactions are themselves frequently isomeric ; thus 
the four isomeric butylic alcohols, C4H9(OH), yield four 
isomeric butylic chlorides, bromides, or iodvd^^ -^Vv^w. 
acted \ypon by hydrochloricy hydrobromVc, ox V-^^tvq^^ 
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acid; the differences in boiling point and specific gravity 
which these derivatives exhibit among themselves are in 
the same sense as those which exist among the isomeric 
alcohols ; thus the butylic alcohol of highest boiling point 
)delds a chloride, bromide, or iodide of higher boiling point 
than either of the corresponding derivatives from the iso- 
meric alcohols. 

Isomeric compounds, however, do not always give rise 
to similar reactions under the influence of all reagents; 
thus the isomeric alcohols above cited behave very dif- 
ferently on oxidation: for example, one is converted into 
butyric acid, C4H8O2; a second into isobutyric acid, 
C4H8O2 ; a third into ethylmethylketone, C4H8O ; the 
fourth into a mixture of acetic and formic acids. Even in 
those reactions in which they are similarly affected, isomeric 
compounds exhibit differences more or less marked, more 
especially in the relative degrees of ease with which they 
enter into reaction : the one is invariably acted upon more 
readily than the other. 

On the hypothesis that chemical compounds are com- 
posed of small indivisible particles, or atoms, it may be 
assumed that two or more bodies are isomeric or metameric, 
because certain of the atoms in the one occupy relatively 
different positions to those they occupy in the other, and 
this is the explanation usually given of isomerism and 
metamerism. Thus the two metameric compounds nitro- 
ethane^ and ethylic nitrite^ represented by reason of their 
chemical behaviour by the formulae 

Nitroethane, C2H5(N02) ; Ethylic nitrite, (CaHgOON 

may be supposed to differ owing to the circumstance that 

in the one the nitrogen is in direct union with the carbon, 

whereas in the other the carbon and nitrogen are held to- 

gether, as it were, by oxygen, as expressed by the following 

Sraphic formulge : 
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H H O H H 

I I II II 

H— e— C— N H— C— C— O— N=0 

I I II II 

H H O H H 

Nitroethane Ethylic nitrite 

The extreme readiness with which the nitrogen may be 
separated from the latter compound, and the difficulty of 
removing it from the former, is generally regarded as 
strong evidence in favour of this assumption as to the 
probable cause of the difference which exists between the 
two bodies. 

Although such an apparently satisfactory explanation of 
the phenomena in question may thus be given, yet there 
are a considerable number of facts which tend to show that 
this explanation must be regarded with more or less mistrust. 

The phenomenon of isomerism — and of metamerism — 
is unquestionably intimately connected with the amount of 
heat evolved in the reactions giving rise to the forma- 
tion of isomerides. Whatever the ultimate constitution of 
chemical compounds may be, it is a fact that their forma- 
tion is invariably accompanied by the evolution (in a limited 
number of cases by the absorption) of heat, which to our 
senses is evidence that there has been a transformation of 
energy, until then potential, into actual energy. More- 
over, there is little doubt that in the formation of isomeric 
bodies from the same parent compound different amounts 
of heat are evolved; if so, the energies of the resulting 
compounds are assuredly different. 

The production of isomerides by different series of reac- 
tions is, then, probably to be accounted for by the cir- 
cumstance that different amounts of heat are evolved 
in the several series of reactions, so that finally bodies 
possessing different energies are formed This supposition, 
that isomeric (and metameric^) compounds, are bodies 

* The difference between isomeric and metamervc eoTcv^o\x:cv^"5» \^ 
probably one of degree only, and not of kind, as usuaW^ a?.s^me.e\.. 
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which, having the same composition, yet possess differ- 
ent energies, would also serve to explain their different 
behaviour under the influence of reagents. There is reason 
to believe that, of two isomerides, that of higher energy- 
would in most cases enter into reaction more readily 
than that of lower energy, just as chlorine, an element of 
high energy — which in combining with hydrogen liberates 
a far greater amount of heat than do either bromine or 
iodine — is a far more energetic reagent than either of these. 
Hitherto but little attention has been paid to this field 
of enquiry, which the study of the thermic phenomena 
accompanying chemical reactions affords. In it, however, 
undoubtedly lies hidden the explanation of many at pre- 
sent obscure problems in chemical science. 



CHAPTER II. 

CLASSIFICATION OF CARBON COMPOUNDS. 

The unit weight (twelve parts) of carbon is capable of uniting 
with at most four unit weights of hydrogen or other monad 
elements. The simplest known hydride of carbon has the 
composition CH4, and is incapable of combining with chlo- 
rine, bromine, &c., being what is termed a saturated com- 
pound, but may exchange the whole or part of its hydrogen 
for an equivalent quantity of another element. Carbonic 
anhydride, QJ'"0^\^ hydrocyanic acid, H'C""N'", and cyano- 
gen chloride, C1'C""N'", are compounds which may be thus 
regarded as substitution-diQrvfzAwts of the first hydride of 
carbon. 

In the following, certain of these simpler compounds, which 
may thus be regarded as derived from the first hydride of 
carbon, will be shortly described before proceeding to the 
consideration of the hydrides themselves. 
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While the number of unit weights of any of the elements 
other than carbon, associated together in their various com- 
pounds, is, as a rule, extremely limited, seldom exceeding 
five, the number of unit weights of carbon contained in 
carbon compounds is often very great. It is this funda- 
mental property of uniting with itself, so to speak, in a large 
number of different multiple proportions, which sharply dis- 
tinguishes carbon from the other elements, and which ap- 
pears to be the cause of the great multiplicity of its deriva- 
tives. With regard to the maximum combining power of 
these aggregates consisting of several unit weights of carbon, 
it is found that two unit weights are never associated with 
more than six, three with more than eight, or four with 
more than ten unit weights of hydrogen or other monads ; in 
short, that each addition of one unit weight of carbon raises 
the combining power by at most two monad units, so that 
the maximum combining power of an aggregate of «-units 
of carbon with monad elements is equal to 2n + 2. The 
composition of the compounds of carbon and hydrogen 
containing the greatest possible amount of the latter element 
is therefore expressed by the general formula, CnHgn + 2- 
It is from the hydrocarbons^ as such compounds of carbon 
and hydrogen are termed, of this composition that more 
or less directly, as will be shown in the following pages, the 
remaining families of organic compounds may be built up ; 
they are therefore of paramount importance. 

Besides these saturated hydrocarbons others are known 
containing proportionately less hydrogen ; these are capable 
of existing in the free state, and are termed non-saturated 
hydrocarbons, owing to their possessing the property of 
uniting directly, iliore or less readily, with certain elements, 
to form either saturated compounds of the CnHgn + 2 
type, or intermediate compounds. They invariably differ 
from the corresponding terms of the CnHjn + 2 series by 
an even number of unit weights of Vvydio^^iiv, ^\A ^\^ 
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obtained from the members of that series by withdrawing 
from them one or more pairs of imit weights of hydrogen. 
This withdrawal of hydrogen may be effected in a large 
number of cases by the simple action of heat, the tendency 
thus to part with hydrogen becoming greater the higher up 
we go in the series. 

Hydrocarbons differing from those of the C^Hgn + 1 series 
by an uneven number of unit weights of hydrogen are not 
known ; in all cases where their production might be ex- 
pected, compounds are obtained which may be regarded as 
formed by the union of two such hydrocarbons. For 
example, if iodomethane, CH3I, be treated with metallic 
sodium, iodine is withdrawn from it; we do not obtain 
methyl, CH3, however, but the hydrocarbon, CaHg (ethane), 
thus : 

2CH3I + Na2 = 2NaI + CaHg. 

Similarly a mixture of the two iodides, CH3I and C3H5I, 
yields the hydrocarbon butylene, C4Hg. 

The general terms of the series of hydrocarbons of which 
up to the present time members have been obtained and 
investigated are as follows : — 

CnHan + 2 CnH2n_ 14 

CnHan CnHan _ je 

Cntlan _ 2 ^nHan _ l g 

CnHan _ 4 ^n-Han _ 22 

CnH2n_6 CnHan _ 24 

CnHan _ g CaHan _ 26 

CnH2n_lO ^nH2n — 32 

CnH2n_l2 

Each of these groups differs from the group next below, 

in that it contains two units of hydrogen more. Series thus 

related are termed isologaus series. The members of each 

group form a homologotis series, the successive terms of 

which differ by CH^ (see p. 70V 

The various families of orgamc compoMn.*^^ oiti^^dftx^d in 
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their relations to the above-mentioned hydrocarbons may 
conveniently be arranged in the following classes : — 

I. Hydrocarbons and their haloid Derivatives. — One or 
more vmit weights of chlorine, bromine, or iodine may be 
substituted either directly or indirectly for the equivalent 
quantity of hydrogen in the various hydrocarbons. For 
example, methane^ CH4, and ethane^ CaH^, yield the fol- 
lowing series of chlorinated derivatives : — 

CH4; CH3CI; CH2CI2; CHCI3; CCI4. 

Methane. Monochloro- Dichloro- Trichloro- Tetrachloro- 

methane. methane. methane. methane. 

Q,^A.^ j C3XI5CI j C3ri4Cl2 j ^^2^3^*8 j C2H2CI4 j C2HCI5 \ 

Similarly we have : 

C2H5Br ; C2H4Br2 ; C2H3Br3 ; &c. 
C2H5I j 02^^412* 

All such hydrocarbon derivatives are termed haloid deri- 
vatives. Closely allied to them are several series of com- 
pounds which are conveniently regarded as derived from the 
hydrocarbons by the replacement of hydrogen by the mo- 
nad groups (CN)'; (SCN)'; (NOa)'; or(NH2y; e.g. : 

CH3(CN); C,Hs(SCN)j Q^YL^f^^O.^ ; C6H5(NHj). 

Cyanomethane. Subhocyanoethane. Nitrobenzene. Amidobenzene. 
(Methylic cyanide.) (Ethylic sulpho- 

cyanate.) 

Many of these are formed from the haloid derivatives of 
the hydrocarbons by double decomposition ; for example, 
cyanomethane is obtained by the action of potassic cyanide 
on iodomethane ; 

CH3I + KCN = CH3CN + KI. 

II. Alcohols,— rTht alcohols may be tegaiAfcdi ^.^ '^'^ 
hydroxyl {OHy substitution derivatives oi tJcifc Yi^^ocax- 

n 2 
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bons, and are in all respects the organic analogues of the 
metallic hydrates ; thus we have : 

C2H5(OH) ; C2H4{OH)2 ; C3H5(OH)3 ; 

Ethylic hydrate. Ethylenic hydrate. Glycerinei 

analogues of : 

Na{OH); Ca(0H)2 ; Bi{0H)3. 

The modes of formation of the alcohols from the corre- 
sponding haloid derivatives of the hydrocarbons are, as will 
be seen later on, strictly analogous to the methods by which 
the metallic hydrates are obtained from the metallic 
chlorides, &c. 

Closely related to the alcohols, and corresponding to the 
metallic sulphydrates, are a class of bodies termed ihio- 
alcohols, or mercaptans ; e.g. : 

C2H,(SH) ; C,H4(SH), ; C3Hs(SH)3. 

Ethylic sulphydrate. Ethylenic sulphydrate. Glycerylic sulphydrate. 

corresponding to : 

Na(SH) ; Ca(SH)2, &c. 

III. Ethers, — The ethers are the anhydrides of the alcohols, 
to which they bear the same relation as the metallic oxides to 
the corresponding hydrates ; e.g. : 

(C2H5)20 ; C2H4O ; (C3H5)203. 

Ethylic oxide. Ethylenic oxide. Glycerylic oxide. 

NagO ; CaO ; Bi203. 

The ethers are more or less readily converted into 
alcohols by heating with water or alkalies, just as, under 
similar conditions, the metallic oxides are converted into 
hydrates : 

(C2H,)20 + OH2 = 2C2H.5(OH). 
NaaO + OH2 = 2NaOH. 

Analogues of the metallic sulphides are also included in 
th/s class J for example : 
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(C2H5)2S ; C2H,S ; 
analogous to 

NagS ; CaS, 

And also polysulphides such as 

(C2H5)2S3 and (C2H5)2S3 
corresponding to 

Na2S2 and Na2S3. 

IV. Aldehydes, — ^I'he aldehydes are a class of bodies in- 
termediate between the alcohols and the acids. They may 
be conveniently formulated as hydrocarbon derivatives in 
which the group (0^0"H)' replaces hydrogen ; thus we 
have: 

CH3(C0H) from CH4 ; C6H5(COH) from CeHg ; 
CioH7(COH) from CioHg ; &c. 

The aldehydes are formed by the oxidation of the corre- 
sponding alcohols, thus : 

CH3.CH2.OH + O = CH3.COH + OH2 \ 

Ethylic alcohol Aldehyde. 

and on further oxidation are converted into acids containing 
the same number of unit weights of carbon : 

CH3.COH +0 = CH3.CO.OH. 

Aldehyde. Acetic acid. 

On the other hand the aldehydes are readily transformed 
into alcohols by the action of nascent hydrogen : 

CH3.COH + H2 = CH3.CH2.OH. 

V. Ketones, — These compounds are closely related to the 
aldehydes, and may be regarded as derived from them by 
the replacement of hydrogen in the (COH) group by monad 
hydrocarbon groups ; thus we have : 

CH3.CO.CH3 derived from CH3.COH, 

Dimethylketone. Aldehyde. 

CfiHs.CO.CHj „ „ C(^13.f,.^0^* 

MetbylpbeDylkctone. BeuzaXde^^^ 
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The ketones do not )rield adds containing the same 
number of unit weights of carbon on oxidation ; hence they 
are readily distinguished from the aldehydes. 

VI. Acids. — ^The acids are formed from the hydrocarbons 
by a series o^ oPfr^^tionS| the final result of which may be 
said to be the sSds^Mkhi of hydjogen in the latter by the 
monad carboxyl * group (CO2H = CO. OH) ; thus we have 
succinic acid, C2H4(C02H)2, formed from ethane, C2H^ 
by the following series of reactions : 

C2H4Br2 + 2KCN = C2H,(CN)2 + 2KBr. 
C2H4(CN)2+40H2 + 2HCI = C2H4(C02H)2 + 2NH4CI. 

The acids fiimish a numerous series of characteristic 
derivatives, namely : metallic saits^ haloid scUts^ ethereal salts, 
acid chlorides {bromides, iodides, ^c), amides, and haloid 
derivatives and allied compounds. 

The metallic salts are the characteristic products of the 
action of metallic oxides, hydrates, and carbonates on the 
acids ; e.g. : 

2CH3.CO.OH + K2CO3 = 2CH8.CO.OK + CO2 + OH2. 

Acetic acid. Potassic acetate. 

The haloid salts may be regarded as derived from the 
metallic salts by the replacement of the metal by chlorine, 
bromine, &c. ; thus the following haloid salts of acetic acid 
are known : 

CH3.CO2CI; CH3.C02Br; (CH3.C02)3r". 

These compounds are all extremely unstable, and are 
never obtained by the direct action of the halogens on the 
acids {infra). 

Ethereal salts, or compound ethers, are formed when the 
acids are acted upon by the analogues of the metallic 
hydrates, the alcohols ; thus : 

CH3.C0(0H) + C2H5.OH = CHg.COCOCaHg) + OHj. 

Acetic acid. Ethylic hydrate. Ethylic acetate. 

(Acetic ether.) 

' From carbonyl (CO), hydioxyV \PK\, 
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The acid chlo fides (bromides, iodides) are the products 
of the action of the haloid phosphorus compounds on the 
acids, or their metallic salts : 

3CH3.CO.OH + PCla = 3CH3.COCI + PO3H3. 

The amides are formed by the action of ammonia on the 
acid chlorides, or on the ethereal salts, or by distillation 
of the ammonium salts of the acids : 

CH3.COCI + 2NH3 = CH3.CO.NH2 + NH4CI. 

CH3.CO.OC2H5 + NH3 = CH3.CO.NH2 + CaHgOH. 

CH3.CO.ONH4 = CH3.CO.NH2 + OH2. 

The haloid derivatives, which are mostly compounds of 
considerable stability, are formed by the direct action of 
chlorine, or bromine on the acids ; thus : 

CH8.CO2H + CI2 = CH2CI.CO2H + HCl. 
CH3.CO2H + 2CI2 = CHCI2.CO2H + 2HCL 
CH3.CO2H + 3CI2 = CCI3.CO2H + 3HCI. 

From many of the haloid derivatives a series of closely 
allied compounds may be obtained by double decomposi- 
tions, such as : 

CHJ.CO2H; CH2(CN).C02H ; CH2(OH).C02H ; 

lodacetic acid. Cyanacetic add. Oxyacetic acid. 

CH2(NH2).C02H j CH2(SH).C02H; &c. 

Amido-acetic acid. Sulphacetic acid. 

VII. Anhydrides, — These compounds bear the same re- 
lation to the acids that the ethers bear to the alcohols : 

CH3.CO.OH ; ch'*.CO } ^- C2H5.OH ; ^2^5 j o. 

Acetic acid. Acetic, anhydride. Alcohol. Ether. 

They are reconverted into acids by the action of wa.t^T. 

VIII. Amines, — l!\it amines are a c\a&^ oi \iO^\^^ ^\c^^ 
are generally regarded as derived &om ammom^ Vi "^^ 
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substitution of hydrocarbon gi'oups for hydrogen ; the fol- 
lowing are examples of such compounds ; — 

{Monamines.) 

Secondary. Tertiary. 

rcgHs rc2H5 rc2H5 

N<^H i N^^CaHs; N.^ C2H5. 
LH LH IC2H5 

Fhenylamine. Diethylamine. Triethylamine. 

(Amidobenzene.) 

{Diamines,) 
N, I ^^* ; N, { ^f^* = C6H,(NH,),. 

Ethylenediamine. Phenylenediamine. 

(Diamidobenzene. ) 

(Triamtnes.) 

Vinyltrianune. Triamidobenzene. 

It is evident, however, that the primary amines may 
equally well be regarded as derived from the hydrocarbons 
by the substitution of ^(NHa) for «H. 

These organic ammonias closely resemble ammonia in 
their properties : they combine directly with acids, forming 
substituted ammonium salts : 

C2H5.NH2 + HCl = C2H5.NH3CI 

Ethylamtne. Ethylammonic chloride. 

C2H4.N2H4 + 2HI = C2H4.N2H6I2 ; &C. 

By treating these salts with moist argentic oxide the cor- 
responding hydrates are obtained : 

2C2H5.NH3CI f Ag20 + OH2 = 2C2H5.NH3.OH + 2AgCl. 

Ethylammonic chloride. Ethylammonic hydrate. 

These hydrates are highly caustic bodies, and indeed 
exhibit throughout the behaviour of their inorganic ana* 
logues, the caustic alkalies, precipitating metals from their 
solutions as hydrates, &c. 
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The analogues of ^mmoniai, phosphiney PH3; stibine^ SbHg; 
and arsiney AsHg, also yield derivatives corresponding to 
the primary, secondary, and tertiary monamines j e.g. : 

fC2H5 fC2H5 rC2H5 
P<^H ; P^^C^H^; P<^ C2H5. 

Ethylphosphine. Diethylphosphine. Triethylphosphine. 

IX. Organo-metalltc Compounds. — These may be re- 
garded as compounds of the metals with monad hydro- 
carbon groups ; thus the following bodies are known among 
others : 

Zn(CHa)a; H,(CH3), ; H,(CaH,),; B^CaH,), ; 

Zincic methide. Mercuric Mercuric Bismuthic 

methide. ethide. ethide. 

Pb(CaH5),; Sn{C^-R,\; Sn2(C,H,)s; Sn(C2H5)4. 

Plumbic tetrethide. Stannous ethide. Dbtannic hexethide. Stannic ethide. 

A large number of carbon compounds are known, how- 
ever, which cannot at present be included in either of the 
above series, as we are entirely imacquainted with their 
genetic relations to the hydrocarbons. 



CHAPTER III. 

GENERAL ACTION OF REAGENTS ON CARBON COMPOUNDS. 

This chapter contains an outline description of the action 
of th,e more important reagents which the chemist employs 
in the study and elucidation of the chemical nature of 
carbon compounds. 

Action of Chlorine^ Bromine^ and Iodine, — ^There is merely 
a difference of degree between the action exerted by 
chlorine and by bromine, chlorine being the more energetic 
reagent — ^because, we usually say, of its SAi^efvox 2c^\v\V5 Vst 
hydro^eiL The behaviour of iodine is m Taaxi^ cas.^'s* ^^cxv- 
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liar. The following modes of action of chlorine and bro- 
mine are to be distinguished. 

1. Hydrogen is removed in the form of haloid acid and 
replaced by the halogen. In this way, i, 2, 3 or « units of 
hydrogen may be removed and replaced by i, 2, 3 or /? units 
of halogen, with formation of i, 2, 3 or « unit-weights 
of haloid acid ; consequently to effect the replacement of 
n units of hydrogen, 2n units of chlorine or bromine are 
requisite. The number of units of hydrogen replaced 
depends mainly on the nature of the body operated upon, 
and on the temperature, but often other conditions also 
intervene. The following examples will serve to illustrate 
the mode of action : 

CH4+Cl2=CH3CH-HCl; CH4 + 2Cl2=CH2Cl2 + 2HCl ; 

Methane. Chloromethane. Methane. Dichloromethane. 

CH4-f 3Cl2 = CHCl3+3HCl; CH4+4Cl2 = CCl4 + 4HCl. 

Methane. Trichloromethane. Methane. Tetrachloromethane. 

2. Hydrogen is simply removed in the form of haloid 
acid, without replacement by the equivalent quantity of 
chlorine or bromine ; thus : 

CaHgO + CI2 = C2H4O + 2HCI. 

Alcohol. Aldehyde. 

3. Certain * unsaturated ' compounds unite directly with 
chlorine or bromine ; for example : 

C2H4 + Br2 = C2H4Br2. CfjHg+3Cl2 ^ CeHgClg. 

Ethylene. Ethylene Benzene. Benzene 

dibromide. hexachloride. 

4. Under ordinary conditions, chlorine and bromine 
only decompose water very slowly, setting free oxygen 
(OH2 + CI2 = O + 2HCI), but in the presence of a third 
body possessing a tendency to combine with oxygen this 
decomposition occurs far more readily ; hence in many cases 
chlorine and bromine in presence of water act as powerful 
oxidising agents ;* e.g. : 

' A class of reactions analogous to this is often met with in the 
^udy of the so-called inorganic compounds. TVms oJalorine is without 
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CrHeO + OH^ + Clj = CyHgOa + 2HCL 

Benzoic aldehyde. Benzoic acid. 

A point of great interest with regard to the action of 
chlorine, especially on organic bodies, is the influence of 
light on the course of the reaction. We know that chlorine 
and hydrogen do not combine in the dark, and only slowly 
in diffiised light, but that they unite immediately under the 
influence of a bright light Similarly chlorine is entirely 
without action on benzene in the dark, or even in diffused 
light, whilst direct union occurs readily when a mixture of 
these bodies is exposed to bright sunlight (CsHg + 3CI2 
= CeHgCle). More remarkable still, if monochloropropylene^ 
C3H5CI, be acted upon by chlorine in the dark, it is con- 
verted into the substitution derivative dichloropropylene 
(CsHsCl -f CI2 = C3H4CI2 + HCl), but in bright sunlight 
under otherwise similar conditions the additive * compound, 
C3H5CI3, is formed (C3H5CI + CI2 = C3H5CI3). 

Bromine exhibits, though in a less marked degree, a 
similar behaviour: combining directly with benzene to 
form the additive compound, CeHgBrg, in bright sunlight, 
but yielding substitution derivatives, such as CeHgBr, 
C6H4Br2, &c, when the action is carried on in diffused 
light. 

A further point of interest is the simultaneous formation of 
isomeric products by the action of chlorine. Thus, on treating 

action on silicic anhydride at a red heat^ but in presence of carbon it 
readily converts it into silicic tetrachloride : 

SiOa + 2C + 2CI2 = SiCU + 2CO. 

In this case the tendency of the carbon to unite with the oxygen, added 
to the tendency of the chlorine to unite with the silicium, is sufficient to 
overcome the tendency of the silicium to remain combined with the 
oxygen, whidi the chlorine alone is not able to overcome 

* Compounds formed by the replacement of one element by the 
equivalent quantity of another element are termed * substitution ' deriva- 
tives, and compounds formed by the direct union of two bo^\es ^xfe '^S&ea. 
termed ' additive * compovLVLdiS, 
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/3-chloropropane {isoprqpylic chloride\ C3H7CI, with chlorine, 
a mixture of two bodies, each of the composition CaHgCla, 
is obtained ; one of these boils at 70°, the other at 96°, 
and they differ also in many other respects. Several simi- 
lar cases might be quoted. 

Iodine combines directly with certain unsaturated com- 
pounds, ethylene for example (C2H4 + I2 = C2H4I2), and 
sometimes also in presence of water acts as an oxidising 
agent, but both classes of reaction are effected far less 
readily than by bromine or chlorine. lodo-substitution 
derivatives are never formed by the direct action of iodine 
on hydrogenised compounds, unless the hydriodic acid pro- 
duced be immediately withdrawn from the sphere of action. 
To effect this, mercuric oxide, or iodic acid, is simulta- 
neously added, which reacts with the haloid acid to form, 
in the one case, mercuric iodide and water (HgO 4- 2 HI 
= Hgl2 + OH2), in the other free iodine and water 
(HIO3 H- 5HI = 3I2 + 3OH2). To prepare iodophenol, 
for example, from phenol, we add iodine and the requisite 
quantity of mercuric oxide to an alcoholic solution of 
phenol : iodophenol and hydriodic acid are formed 
(CgHgO + I2 = CfiHglO + HI), but the latter immediately 
enters into reaction with the mercuric oxide and is con- 
verted into insoluble mercuric iodide. 

lodo-substitution derivatives are often obtained from the 
corresponding chlorinated or brominated compounds, by 
double decomposition with potassic iodide ; e.g. : 

CaHaBrOg + KI = C2H3IO2 + KBr. 

Bromacetic add. lodacctic acid. 

Action of Hydrochloric^ Hydrohromic^ and Hydriodic Acids. 
A variety of modes of action are to be distinguished. 

I. These acids unite readily and at once in the cold with 
basic compounds such as the so-called * compound am- 
monias/ the aJJcaloids, &c., forming salts ; e.g. : 

_ C2H7N + HCl = C.^H^'^CV. 

£thylainine. Et\iy\avamomc cVvWv^e. 
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2. They combine with many * unsaturated' compounds; 
thus ethylene and hydriodic acid form monoiodoethane, 
HI -f C2H4 = C2H5I ; fumaric acid and hydrobromic acid 
form bromosuccinic acid, C4H4O4 -f HBr = C4H5Br04. 
In such cases it is usually necessary to heat the mixture 
during a shorter or longer period, and if the combination 
occur in the cold, a considerable time is required to render 
it complete ; hydriodic acid lends itself far more readily to 
reactions of this class than either hydrobromic or hydro- 
chloric acid, and hydrobromic more readily than hydro- 
chloric acid. The nature of the products depends very 
much on the conditions of experiment, on the temperature 
to which the mixture is heated, and the degree of concen- 
tration of the aqueous solution of haloid acid, and isomeric 
compounds are often obtained. Thus hydrobromic acid, by 
its action on brotnethylene^ C2H3Br, produces under one 
set of conditions ethylene dibramide^ C2H4Br2, which boils 
at 129°; under other conditions an isomeric body boiling 
at 110°. Similarly, bromopropylene^ CaHgBr, yields either 
propylene dibrpmide, C3HfiBr2 (b.p. i4o°-i43°), or the iso- 
meric compound boiling at 122°. Often, and indeed usually, 
a mixture of the isomeric compounds is produced, since 
it is difficult precisely to maintain the exact conditions 
necessary to the formation of the one or the other alone. 
The compounds with high boiling-points are principally 
formed at the ordinary temperature by the action of a very 
concentrated hydrobromic acid solution ; the isomeric 
bodies by the action of a less concentrated solution at a 
temperature of 100°. 

3. Certain bodies exchange (OH)', hydroxyl, for chlorine, 
bromine, or iodine, when acted upon by the haloid acids. 
This mode of action is peculiarly characteristic of the so- 
called * alcohols' and *oxyacids.' The following examples 
may serve in illustration : — 

C2H.5(OH) + HI = OH^ + e^^^l. 
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C3H5(OH)3 + 2HCI = 20Ha + CsHsCl^COH). 

Glycerine. Dichlorhydrin. 

C3H5(OH)02 + HBr = OH2 + CgHsBrOa. 

Oxypropionic acid. Bromopropionic acid. 

The majority of iodine substitution compounds, however, 
are at once decomposed in contact with hydriodic acid, 
with separation of iodine and replacement of tlie iodine by 
the equivalent amount of hydrogen ; thus : 

C2H3IO2 + HI = C2H4O2 +I2 ; 

so that by acting upon oxypropionic acid, for example, with 
hydriddic acid, we obtain, not iodopropionic, but propionic 
acid ; the former is doubtless produced in the first instance 
(C3H5(OH)02 + HI = OH2 + C3H5IO2), it has but an 
ephemeral existence, however, being at once converted by 
the remaining hydriodic acid into propionic acid and iodine 
(C3H5IO2 + HI = C3He02 -f I2). 

This peculiar behaviour of iodo-derivatives towards hy- 
driodic acid at once gives a clue to the non-formation of 
iodo-substitution derivatives, by the action of iodine, in those 
cases in which the hydriodic acid first formed by the action 
of the iodine on the hydrogenised compound is not at once 
removed firom the sphere of action. 

In virtue of this property, possessed by hydriodic acid to 
so marked an extent, of removing oxygen from bodies and 
replacing it by hydrogen, it is one of the most powerfiil 
reducing agents known ; in fact, by the action of a very 
concentrated solution at high temperatures, most oxygenated 
compounds may ultimately be converted into the correspon- 
ding hydrogenised substances: thus acetic acid, C2H4O2, 
for example, is converted into ethane, C2Hg, &c 

Action of Oxidising Agents. — i. Hydrogen is eliminated in 
the form of water and replaced by an equivalent quantity of 
oxygtn ; thus : 

Ci'B.^O + 02 = OH2 \ Cc^H402. 

AlcohoL Actt^c «ci!^ 
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2; Hydrogen is eliminated in the form of water and re- 
placed by twice the equivalent quantity of oxygen, as in the 
formation of the quinones, e.g. : 

^10^8 + 03 = OH2 + C10H6O2. 

Naphthalene. Naphthoquinone. 

3. Oxygen is simply added on to the compound : 

C2H4O + O = C2H4O2. 

Aldehyde. Acetic acid. 

C2H6S + 03 = CaHgSOa. 

Ethylic sulphydrate. Ethylsulphonic acid. 

4. Hydrogen is simply eliminated : 

CaHgO + O = OH2 + C2H4O. 

Alcohol Aldehyde. 

5. The compound acted upon is split up and yields two 
or more oxidised bodies, each containing fewer units of 
carbon in its formula than the original substance, e.g. : 

C7H16O + 3O2 = OH2 + CaHgOp + 2C2H4O2. 

TriethylcarbinoL Propionic acid. Acetic acid. 

These reactions are the results of * moderated ' oxidation, 
and are obtained by employing, at most, a slight excess of 
the oxidising agent ; by a large excess, assisted by a high 
temperature, the majority of carbon compounds are ulti- 
mately resolved more or less readily into carbonic anhy- 
dride and water, just as by combustion with oxygen. 
Although in all the above cases the reactions are repre- 
sented as occasioned by free oxygen, yet, as a matter of fact, 
they are seldom realised by employing free oxygen, but 
usually by evolving the oxygen in the immediate presence 
of the body to be acted upon, or, as it is termed, by nascent 
oxygen. The reagent most commonly employed is a mix- 
ture of potassic dichromate and sulphuric acid in aqueous 
solution, which enter into reaction according to the equa- 
tion : 

IL^CigOr + H2SO4 -f H2O = 2H^Ct04 4r Y^^O ^ 
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The chromic acid so produced, if in presence of a body 
possessing a tendency to take up oxygen, and an excess of 
sulphuric acid, readily parts with a portion of its oxygeii, 
yielding chromic sulphate and water : 

2H2Cr04 + 3H2SO4 =03 + Cr23S04 + 5OH2. 

Action of ^nascent' Hydrogen. — We scarcely know an 
instance in which free hydrogen is able to act upon carbon 
compounds ; in the nascent state, however, i.e. at the 
moment of liberation from a state of combination, it is one 
of the most active and useful agents at the chemist's 
disposal. It is usual to add the compound, which it is 
desired to submit to the action of hydrogen, to a mixture of 
substances evolving hydrogen, such as sodium amalgam and 
water, zinc and sulphuric acid, or tin and hydrochloric acid. 
Hydriodic acid, sulphurous acid, and hydric sulphide, are 
also powerful reducing agents ; the first and last of these, 
although stable in the piure state, readily part with their 
hydrogen to bodies possessing a strong tendency to combine 
with, or take up hydrogen. Sulphurous acid acts by de- 
composing water and setting free the hydrogen, itself com- 
bining with the oxygen to form sulphuric acid ; this decom- 
position of water by sulphurous acid only takes place, 
however, in presence of a third body which has a strong 
tendency to take up hydrogen. The following are the 
modes of action of nascent hydrogen : — 

1. It combines directly with certain imsaturated com- 
pounds; e.g. : 

C2H2 + H2 = C2H4 ; C4H4O4 + H2 ^ C4Hg04. 

Acetylene. Ethylene. Fumaric acid. Succinic acid. 

2. It removes oxygen without replacing it ; thus : 

C9H9.OH -f- H2 !^ C9H10 + OH2. 

Cinnamic alcohol. Allylbenzene. 

J. Oxygen, chlorine, bromine, or iodine are removed, but 
replaced by the equivalent quantity of hydrogen ; 
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CJH3CIO2 + Ha = C2H4OJ + HCL 

Chloracetic add. Acetic acid. 

CyHeOa + 2H2 = CyHgO + H2O. 

Benzoic acid. Benzylic alcohol 

4. Oxygen is removed and replaced by half the equivalent 
quantity of hydrogen, in the reduction of niiro-compounds to 
amido-compounds : 

C6H,(N02) + 3H2 = C6H5(NH2) + 2H2O. 

^itrp^eiucefie. Amidobenzene. 

Action of Nitric Acid, — The concentrated acid acts most 
violently on many organic bodies, often completely destroy- 
ing them, but the action may be moderated by the addition 
of water. 

1. Nitric acid unites with basic substances forming salts. 

2. It acts as an oxidising agent 

3. A 'nitric-ether,' or ethereal salt of nitric acid, is 
formed : 

C2H5(OH) + HNOs = C2H5(N08) + H^O. 

Ethylic hydrate. Ethylic nitrate. 

C,H5(OH)3 + 3HNO, = C,H,{NO,)3 + 3H2O. 

Glycerino. Glyceric nitrate. 

(NitroglycerineX 

4. Nitro-substitution compounds are produced : 

CeHe + HNO3 = H2O H- C6H5(NOa); 

Benzene. Nitrobenzene. 

CgHeO + 3HNO3 = CgH,0(N0j)3 + 3H2O. 

Phenol. Trinitrophenol. 

Apparently in cases 3 and 4 the two operations, if repre- 
sented by empirical formulae, are of the same order, and 
consist in the removal of n units of hydrogen from the 
compound in the form of water, and the addition of n 
times NO2 ; but the two classes of derivatives thus formed 
exhibit very dissimilar properties. The nitric ethers are 
readily decomposed by nascent hydrogen, and by healvtv^ 
them with water they are reconverted into \5a.€\t ^^w^*^^- 
tors; ^,g: 

£ 
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C2Hs(N03) + OH2 = CjHsCOH) + HNO3. 

Ethylic nitrate. Ethylic hydrate. 

C3H5(N03)3 + 9H = C3Hs(OH)3 + 3NO + 3OH2. 

Glyceric nitrate. Glycerine. 

The nitro-compounds, on the other hand, are not affected 
by water or dilute alkalme solutions, but are readily reduced 
by nascent hydrogen and converted into amido-derivatives ; 

CfiHsCNOa) + 3H2 = C6H5(NH2) + 2H2O. 

By the reduction of nitro-derivatives, therefore, products 
are obtained which still contain nitrogen, whilst the nitrogen 
is entirely removed from the nitric ethers by the action of 
reducing agents. 

It is interesting to note, that experiment shows, that far 
less heat is evolved in the formation of the nitric ethers than 
in the formation of nitro-compounds, and to contrast this 
with the fact that the nitric ethers are, as a class, bodies of 
low stability, being readily decomposed by alkalies, and all 
highly explosive, whilst the majority of nitro-derivatives are 
far more stable substances and far less explosive. There is 
thus an evident relation between the amount of heat evolved 
and the nature of the product in the two cases, and we have 
a clear illustration of the 'circumstance that the less the 
amount of the chemical energy which ' is concerned in the 
production of a reaction between given substances, the less 
will be the amount of force necessary to cause the products 
of that reaction to exert the contrary action, and to re-form 
the parent substances, or otherwise to undergo alteration. 

Action of the haloid Phosphorus Compoufids, — i. These 
bodies either remove oxygen alone from the compound, re- 
placing it by the equivalent quantity of halogen : 

CgHeO + PCI5 = C3H6CI2 + POCI3 : 

Acetone. Dichloropropane. 

(Methylchloracetol. ) 

^. Or oxygen and hydrogen, one unit oi Yvalo^en ^Tv\.^m.^ 
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into the compound for every one unit of oxygen plus one 
of hydrogen removed j thus : 

C2H4O2 + PCI5 = C2H3OCI + POCI3 + HCl. 

Acetic acid. Acetic chloride. 

3C2H40a + PCI3 =3C2H30a + H3PO3. 
SCjH^Oj, + POClj = 3C2H3OCI + HjPO^. 

3. In some instances phosphoric chloride (PCI5) behaves 
as a mixture of phosphorous chloride and chlorine ^PCla + 
Clj), and simply chlorinates : 

CsHgOj + PClj = C9H5CIO2 + PCI3 + HCI. 

Coumarin. Chlorocoumarin. 

Action of Dehydrating Agents. — Phosphoric anhydride, 
hydric potassic sulphate, sulphuric acid, hydrochloric acid, 
zincic chloride, &c., when heated with many oxygenised 
bodies, cause the separation of the elements of water from 
them. Either the products contain:— i. Fewer units of 
carbon than the original compound; 2, the same number 
of units ; 3, or a larger number. For example : 

CH2O2 - OH2 = CO; C2H2O4 - OH2 = CO + CO2. 

Foarmieadd. Oxalic acid. 

C2H6^ "" OH2 = C2H4. 

Alcohol Ethylene. 

2C2H4O - OH2 = C4H6O. 

Aldehyde. Crotonic aldehyde. 

Action ofAlkcUies. — Potassic and sodic hydrates may act in 
a variety of ways : 

1. With acids they form metallic salts by double decom- 
position : 

C2H4O2 + NaHO = C2H3Na02 + OHj. 

Acetic acid Sodic acetate. 

2, They act as oxydising agents, but at t\v^ ^^xfta >CvaNa 

£2 
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hydrogen is always evolved, so that in the end a mixed 
result is often obtained : 

CaHgO + KHO = CjHsKOg + 2H^ 

Alcohol Potassic acetate. 

2C7H6O + KHO = C7H5KO2 + CtHsO. 

Benzoic aldehyde. Potassic benzoate. Benzylic alcohol 

Jn the latter case two phases in the reaction are to be 
distinguished : 

1. C7H6O + KHO = C7H5KO2 + Ha; 

2. CyHgO + Ha = CyHgO. 

3. The action of the alkalies on chlorine, bromine, and 
iodine-substitution compounds leads in some cases to the 
replacement of the halogen by (OH) ; thus : 

C2H5CI + KHO = KCl + CaH5(0H). 

But more often the whole or part of the halogen is re- 
moved together with an equivalent quantity of hydrogen : 

C2H4a2 + KHO = KCl + OHa -f CaHgCL 

Ethylene dichloridft. Chlorethylene. 

CaHjEr + KHO = KBr + OHg + CaHg. 

Bromethylene. Acetylene. 

4. On fusion of the potassic or sodic salts of the sulpho- 
acids with potassic hydrate the corresponding oxy-deriva- 
tives are produced ; e.g. : 

C6H5(S03K) + KHO « C6H5(OH) + SO3K2. 

Potassic benzenesulphonate. Oxybenzene. Potassic 

(Fhenol) sulphite. 

Hydration of Organic Compounds, — Under this heading is 
included a series of reactions which depend on the direct 
assumption of the elemei;its of water by organic bodies ; this 
being sometimes, but by no means always, attended by the 
splitting up of the compound into simpler substances. An 
especial degree of interest attaches to them, inasmuch as 
t/iey undoubtedly play a most impoilaiiX. ^^i\. \w the pro- 
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cesses which occur in the economy of plants and animals. 
This direct assumption of water takes place in some cases 
spontaneously at ordinary temperatures ; in others more or 
less prolonged heating is requisite ; in others, again, the 
presence of third bodies assists the action to a remarkable 
extent An instructive example of this mode of action is 
furnished by the conversion of cane sugar into a mixture of 
dextrose andlaevulose (C12H22O11 -f OH2 = C6H220e + 
CeHi206), which takes place slowly when sugar is heated 
with water, and rapidly when a small proportion of hydro- 
chloric, or sulphuric acid is added. 

Hydration and oxidation very frequently occur simul- 
taneously ; thus acetylene and oxygen in presence of water 
furnish acetic acid : 

C2H2 + O + OH2 =t= C2H4O2 ; 

and similarly allylene, oxygen, and water yield propionic 

acid * 

C3H4 + O + OHi = C3H6O2. 

This form of action is doubtless also of very great impor- 
tance in the operations of plant and animal life. 

Action of Heat, — The majority of organic bodies are de- 
composed under the influence of heat In many cases the 
reactions \<diich occur are perfectly definite and simple, as, 
for example, in the decomposition of gallic acid by heat : 

C7H6O5 = CeHgOs + CO2. 

Gallic add. Pyr<^alloL 

But as a rule, especially if the temperature employed be 
at all elevated, a complex sctIcs of products are obtained 
having no simple relation to the parent compound. Heat 
tends both to simplify and to complicate organic bodies, but 
the more complex the body the more easily does it undergo 
decomposition as a rule : thus the higher hydrocarbons yield 
simpler products when their vapour is passed through a red- 
hot tube ; e.g. : 

^loHg = QHg + 2C«ill^\ 

NapbtbalcDe. Benzene. Acetylene, 
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but many simple hydrocarbons are converted into more 
complex bodies by heat ; e.g : 

3C2H2 = CfiHg. 

Acetylene. 



Benzene. 



CHAPTER IV. 



CARBON. 



Since this element has already been treated of at consider- 
able length in a previous volume of this series, only a few 
points there unnoticed need be here referred to. 

The combustion of the several modifications of carbon 
with an excess of oxygen furnishes different amounts of heat. 
The figures in the following table represent the number of 
heat-units * disengaged on combustion of 12 grammes of each 
variety : 

Diamond 93,240 units 



Iron graphite . 
Natiural graphite 
Gas carbon 
Wood charcoal 



93,144 

93,564 

96,564 
96,960 



» 



» 



j> 



j> 



Corresponding differences are observed in their behaviour 
with reagents ; thus a mixture of potassic chlorate and con- 
centrated nitric acid is entirely without action on diamond, 
even in the finest state of division ; by its action on the 
various sorts of graphite, graphitic acid is formed, whilst 
amorphous carbon is entirely dissolved by the mixture with 
formation of humus-like products. 

Graphitic Acid, — The formula of this body, according to 
Brodie, is C^^fi^ ; according to Gottschalk, CsgHj^Oig. The 
product from natural graphite is obtained in yellow microscopic 
crystals of the rhombic or monoclinic system. When heated, 
it decomposes with explosion, incandescence, and evolution of 

' The heat-unit here employed is the amount of heat necessary to 
^/se the temperature of i gramme of watex i<^ C. 
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gas, leaving a finely-divided black residue, which still contains 
oxygen and hydrogen. 

Carbon is slowly attacked by many oxidising agents, 
carbonic anhydride being always the main product. Thus 
chromic acid solution produces a small quantity of oxalic 
acid, H2C2O4. Potassic permanganate has been found to 
yield traces of formic acid, CH2O2, and it is stated that by 
the action of this reagent under certain conditions, Mellitic 
acidy Ci2H60j2, is obtained. Mellitic acid is the chief con- 
stituent of the so-called honey-stone which is found in the 
coal measures ; hence its formation by the direct oxidation 
of carbon is of very great interest. 

Pure amorphous carbon is not attacked when heated 
with a concentrated aqueous solution of hydriodic acid, but 
wood charcoal and coal are more or less acted upon and 
converted into hydrocarbons (paraffins). 

The different forms of amorphous carbon ordinarily met 
with are more or less impure. Even the carbon obtained 
by heating pure organic substances, such as sugar, is not 
pure, but retains small quantities of hydrogen and oxygen ; 
these may be removed by heating it intensely for some time 
in a current of dry chlorine. Pure amorphous carbon may 
also be prepared by heating potassium or sodium in carbonic 
anhydride. 

Carbonic Oxide (Carbon monoxide, Carbon ous oxide), 
CO. — ^The mode of preparation and main properties of this 
gas are already known to the student 

Carbonic oxide is decomposed by strongly-heated potas- 
sium or sodium with separation of carbon, but it is absorbed 
by potassium heated to about 80°, forming a highly explosive 
compound of the formula CnK^On. 

The product thus obtained is decomposed with explosive 
violence by water, but may be preserved unchanged under dry 
petroleum oil. If exposed to moist air, it rapidbj cJsvasv^^'s* 
colour, and, it is said^ then contains, accordiiv^ to \>ci^ ^\a%^ ^^ 
decpjnposltlon, the potassium salt of one of lYie ioWomTv?g»^^^^'5» 
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Trihydrocarboxylic acid, CjoHjoOjo; Dihydrocarboxylic acid, 
CjoOjoHg ; Hydrocarboxylic acid, CjoOjoHg ; or Carboxylic acid, 
CjoOjoH^. By direct decomposition of the fresh mass with 
water, the potassium salt either of Croconic acid, CgOgH,, or of 
Rhodizonic acid, QJd^^ or a mixture of the two, is obtained. 
Ail these compounds are extremely unstable. 

Carbonic oxide combines directly with platinous chloride 
to form the following series of crystalline compounds ; 

COPtCla ; CaOaPtCla ; C303PtaCl4. 

On passing chlorine and carbonic oxide simultaneously over 
finely-divided metallic platinum, heated to iabout 240^, a mix- 
ture of CaOaPtClj and C^OgPtjCl^ is obtained, which may be 
separated by boiling the mass with carbonic tetrachloride ; this 
dissolves, chiefly the latter, leaving a residue consisting of the 
compound CjOgPtClj. Either of these bodies splits up, when 
heated, into carbonic oxide and the compound COPtClj ; con- 
versely, the latter yields a mixture of Zfi^\C\ and C303Pt3Cl4 
when heated in an atmosphere of carbonic oxide. Water 
decomposes these substances ; thus : 

CjOjPtCla + OH3 = CO + CO3 + Pt + 2HCL 
Carbonic Oxy chloride (Carbonyl chloride; Phosgene ; Chlo- 
rocarbonic acid), COCI2. — Carbonic oxide and chlorine do 
not unite in the dark, but combine readily when the mixture 
is exposed to bright light (sunlight). Combination also 
ensues on passing the mixed gases over heated platinum- 
black, or into boiling antimonic pentachloride. Carbonic 
oxychloride may also be obtained by the action of sulphuric 
anhydride on carbonic tetrachloride : 

2SO3 + CCI4 = COCI2 + S2O5CI2. 

It is a colourless gas possessing an extremely suffocating, 
tear-exciting odour. It may be condensed, by passing it 
through a U tube surrounded by a mixture of ice and salt, 
to a colourless, mobile liquid boiling constantly at 8* 2**. It 
is immediately decomposed by water. 
Car^^m^: Anhydride (Carbon dioxide ; carbonic acid), 
C02.- — The union of carbon and oxygen \s accompanied by 
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the evolution Of much heat ; but it is a noteworthy circum- 
stance that far less is evolved in the conversion of carbon 
into carbonic oxide, than in the conversion of the latter into 
carbonic anhydride. Thus the union of i? grammes of 
carbofi with i6 grammes of oxygen gives rise to the dis- 
engagement of about 25,000 heat-units, but the conversion 
of these 12 -f 16 = 28 grammes of carbonic oxide into 
carbonic anhydride, that is to say, the fixation of a further 
16 grammes of oxygen by the 12 grammes of carbon, is 
attended by the evolution of no less than 69,000 heat-units. 

The probable explanation of this remarkable difference is, 
that heat is absorbed in converting the solid carbon into 
gaseous carbon, in which latter condition it doubtless exists in 
carbonic oxide and anhydride. This view is supported by the 
fact that sensibly equal quantities of heat are evolved in the fixa- 
tion of each successive 16 grammes of oxygen in the formation 
of the two oxides of tin, of copper, and of phosphorus, in all of 
which cases the products are solid. Thus, the oxidation of tin 
to stannous oxide (Sn to SnO) is accompanied by the dis- 
engagement of 34,900 heat-units, and to stannic oxide (Sn to 
SnOg) by the disengagement of 68,900 units, or about double ; in 
the formation of cuprous oxide, the union of 63 x 2 grammes 
of copper with 16 grammes of oxygen (Cug to CugO) evolves 
18,000 units, whilst the combination of 63 grammes of copper 
with 16 grammes of oxygen, to form cupriC oxide (Cu to CuO), 
furnishes 38,000 units. 

Carbonic Disulphide (Carbonic sulphanhydride ; Bisul- 
phide of carbon) CS2. — Carbon and sulphur do not combine 
when simply heated together in the solid state, owing to the 
volatilisation of the sulphur at a temperature below that at 
which combustion can take place ; their imion may be 
readily effected, however, by passing sulphur vapour over 
red-hot carbon. 

It is noteworthy that the formation of carbonic disulphide 
is attended by an absorption of heat ; this will \i^ ^nKj^^'^X- 
from the following comparison of its \veaX. oi eo\s^^^s^C^c^ 
with ihe heats 0/ combustion of its coustiVMeiiX.^ •. — 
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C . « . « . A . 94,000 
S2 ..«••• 142,000 

236,000 
CS2 •«•«•• 258,000 

-22,000 



The union of 64 grammes of sulphur with 12 grammes of 
carbon thus requires the absorption of no less than 22,000 
heat-units, and this fact explains how it is that in order to 
combine carbon with sulphur it is necessary to apply heat 
throughout the whole course of the operation, whereas the 
combustion of carbon in oxygen, when once commenced, 
proceeds spontaneously, owing to the large amount of heat 
evolved in the process. 

Pure carbonic disulphide is a mobile, colourless, strongly- 
refracting liquid, almost insoluble in water, possessing a 
faint unpleasant odour, of sp. gr. 1*29 at 0°. It boils at 
46°, and is extremely volatile and inflammable ; its vapour 
when mixed with air is highly explosive : 

CS2 + 3O2 = CO2 + 2SO2. 

It dissolves sulphur, phosphorus, iodine, oils, &c., and is 
largely used in the arts and manufactures on account of its 
solvent power. 

Action of Chlorine on CSj. — The ultimate product of the 
action of dry chlorine in presence of iodine or antimonic 
pentachloride is carbonic tetrachloride : 

CS2 + 3CI2 = S2CI2 + CCI4. 

Two intermediate products of the composition, Q^(Z\(perchlor' 

methyl mercaptan) and C2S3CI6, may be isolated if the action of 

chlorine in presence of iodine be not carried too far ; the latter 

is a magnificently crystalline body, the former an oily liquid. 

Moist chlorine exercises simultaneously both a chlorinating and 

-a/7 oxidising action, and gives rise to l\ve ioWomw^ products : 

-"^SCl^, su/^Aocardonyl chloride ; CSC\4, ^crcHlonnetHyl mer- 
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captan ; and CSCI4O3, trichlormethyl sulphurous chloride. By the 
prolonged action of bromine and antimonic pentabromide on CS-, 
at high temperatures, carbonic tetrabromide, CBr4, is formed. 

Carbonic disulphide enters 'into combination with the 
metallic sulphides to form sulphocarhonates^ in exactly the 
same way that carbonic anhydride unites with the metallic 
oxides, forming metallic carbonates : 

CS2 + K2S = K2CS3. 

Sulphocarbonic acid is readily obtained as a yellow, easily 
decomposable oily liquid on treating a sulphocarbonate with 
dilute hydrochloric acid : 

K2CS3 + 2HCI = 2KCI + H2CS3. 

Carbonic Oxysulphide^ COS, is obtained by the action of 
moderately dilute sulphuric acid on potassic sulphocyanate : 

2KSCN + 2SO4H2 + 20H2=2COS + S04(NH4)2 +SO4K2. 

Also on gently heating a mixture of carbonic disulphide and 
sulphuric anhydride : 

CS2 + SO3 = COS + SO2 + S. 

It is a colourless gas, easily decomposed by heat into 
carbonic oxide and sulphur, possessing a faint, not un- 
pleasant, odour. It is completely absorbed, though less 
rapidly than carbonic anhydride, by potassic hydrate solu- 
tion, and is at the same time decomposed : 

COS + 4KHO = K2CO3 + K2S + 2OH2. 

CYANOGEN COMPOUNDS. 

Hydrocyanic Acid, HCN. — The most direct synthesis of 
this compound is effected by passing electric sparks through 
a mixture of acetylene and nitrogen gases : 

C2H2 + N2 = 2HCN. 

It is not necessary, in order to realise t\i\s syn^e%\%, \a v^^- 
pare pure acetylene, but the experiment may \i^ ^owxs. \si 
passing the electric sparks through nitrogen sa\.\ixaXe^wJCs».\i«^- 
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zene vapour : the latter is partially decomposed into acetylene 
(C^H^ « SC^Ha), which then enters into union with the nitrogen. 
A current of nitrogen is therefore tf^smitted first through a 
flask containing benzene ^uid then int6 a glass globe provided 
with platinum wire poles^ between which electric sparks are 
constantly passing ; the issuing gas is washed by water, which 
dissolves the hydrocyanic acid, and the latter may afterwards 
be shown to be present by the application of the ordinary cha- 
racteristic tests to the solution. 

Hydrocyanic acid is also formed : i. By the action of 
heat on ammonic formate : 

HCO2NH4 = HCN + 2OH2. 

2. By the action of ammonia on chloroform, the reaction 
being greatly fecilitated by the addition of a small quantity 
of an alcoholic solution of potassic hydrate : 

CHCls + NH3 = HCN + 3HCL 

3. By die action of acids on metallic tyanides : ' ; 

HCl + KCN = HCN + RCL 

The anhydrous acid is prepared by decomposing argentic 
or mercuric cyanide by dry gaseou* hydrochloric acid, 
or hydric sulphide. It is a colourless liquid of scarcely 
acid reaction, which boils at 26*5° and solidifies at --15°. 
Specific gravity 705 at 7**. It is soluble in water and 
alcohol in all proportions ) both the anh)«iJ:oiis and strong 
aqueous acid are inflammable, and posseiss an odour resem- 
bling that of bitter almonds. It is a most violent poison^ so 
that the greatest caution must be exercised when dealing 
with it 

An aqueous solution of the acid is most conveniently ob- 
tained by distilling potassic ferrocyanide with dikite sulphuric 
acid : 

2K4Fe(CN;^ + 3SO4H2 = 6HCN + Yi^t4f:'^)^'\ + sSO^K^ 

' This product is identical with the precipitate which is produced on 
adding a ferrous salt to a solution of potassic ieTtot^^jKv^^ •.— 

i^eSO^ +K4Fe(CN)a = K2S04+KaYe.AC^^^. 
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If a concentrated acid be required, a mixture of lo parts coarsely- 
powdered ferrocyanide, 6 parts ordinary sulphuric acid, and 14 
parts of water is employed ; if a weaker acid, 30-40 parts of 
water are added. The mixture is placed in a flask connected 
with a condenser and receiver, the latter being provided with 
a tube to carry any uncondensed vapour away from the operator 
into the open air, or chimney of the laboratory. The flask is 
carefully heated on a sand bath and shaken from time to time, 
otherwise the contents of the flask are liable to bump violently 
and endanger its breaking. 

Tlie pure acid is very unstable, decomposing sponta- 
neously with formation of a brown amorphous product and 
ammonia. The aqueous acid behaves similarly, ammonic 
formate being one of its decomposition-products. The 
presence of a trace of a mineral acid, however, increases 
the stability of the aqueous acid in a remarkable manner, 
although if the solution be heated with a mineral acid, or an 
alkali, it is rapidly decomposed according to the equation : 

HCN -f 2OH2 + HCl = HCO2H + NH4CI ; : or 

Formic acid. 

HCN + OH2 + KHO = HCO2K + NH3. 

These reactions, by which the conversion of the (CN)' group 
into the (COgH«CO.OH^ group is effected, are of great im-. 
portance, as they afford a general method of synthesising acids, 
and of converting acids of lower into acids of higher basicity ; 
for example, ordinary alcohol may be converted into propionic 
acid by the following series of reactions : 

C3H5.OH + HI = C3H5I + OH2; 
C3H5.I + KCN - C3H5.CN 4. KI ; 
C2H5.CN + 2OH3 + HCl - C3H5.CO2H + NH^C) 

Similarly, monobasic acetic is transformed into dibasic malonic 
acid . 

CH.VCO2H + CL, = CH^CICCH + HCl ; 

Acetic acid. Chlo'-acetic acid. 

CH5CLCO2H + KCN - CH,(CN).CO.iH -v ¥La\ 

Chloracetic acid. Cyanacetic acid. 

CH,(CN;.C0,H + 20Hj + 2KHO = CH,^CO,V.^a ^ *^^« 
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Hydrocyanic acid unites directly with hydrochloric, 
hydrobromic, and hydriodic acids, forming white, crystalline, 
easily decomposable compounds: HCN + HCl = CH2NCI. 

Metallic cyanides are formed by the action of the metallic 
oxides and hydrates on hydrocyanic acid : 

HCN + KHO = KCN 4- OH2. 
2HCN + HgO = Hg(CN)2 + OH2. 

Potassic cyanide is also formed on passing nitrogen over 
a mixture of. potassic carbonate and carbon heated to red- 
ness ', 

K2CO3 + 4C + 2N = 2KCN + 3CO. 

It is often found in the iron blast-furnaces, formed in 
virtue of this reaction from the potassic salts present in the 
materials smelted, and the carbon and nitrogen in the fuel. 

Detection and Estimation of Hydrocyanic Aad.-^The solution 
suspected to contain hydrocyanic acid is rendered alkaline by 
potassic hydrate, small quantities of ferrous sulphate and ferric 
chloride solutions are then added, and finally, sufficient hydro- 
chloric acid to redissolve the precipitated ferrous and ferric 
hydrates. If a dark blue precipitate remain, or if the solution 
be of a green colour and deposit a blue precipitate on standing, 
it is evidence of the presence of hydrocyanic acid or a cyanide in 
the solution tested. The explanation of this test is as follows : 
supposing the solution to have contained free hydrocyanic acid, 
on the addition of potassic hydrate this becomes potassic 
cyanide, which reacts on the ferrous salt subsequently added 
to form potassic ferrocyanide : 

FeSO^ + 6KCN = K4Fe(CN)e + K^SO^. 

The blue precipitate is produced by the action of the ferric salt 
on the ferrocyanide : 

3K4Fe(CN)e + 2Fe^Cl^ = 2Fe23Fe(CN)e + 12KCI, 

and the hydrochloric acid is added to dissolve the ferrous and 
/eiric hydrates precipitated by the excess of potassic hydrate. 
Tlie quantitative determination of hydrocyanic acid depends 
on the fact that potassic and argentic cyanides AmW.^ \o iornv a 
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soluble double cyanide, KCN,AgCN : the hydrocyanic acid is 
therefore first converted into potassic cyanide by the addition 
of potassic hydrate, a solution of argentic nitrate of known 
strength is then dropped in, until the precipitate which first 
forms no longer disappears on shaking ; at this point the whole 
erf the cyanide is converted into the double salt, consequently, 
the amount of silver solution added being known, it is easy to 
calculate the amount of hydrocyanic acid present from the 
equation : 

AgN03 + 2KCN = AgCNKCN + KNOj, 

which tells us that every 170 parts of argentic nitrate correspond 
to 130 parts of potassic cyanide, or 54 parts of hydrocyanic acid. 

Double Cyanides, — A large number of metallic cyanides 
combine with each other to form so-called double cyanides. 
Most of these when acted upon by mineral acids evolve 
hydrocyanic acid and produce the corresponding salts of 
both metals, thus : 

KCN,AgCN + 2HCI = 2HCN + AgCl + KCl. 

The double cyanides of iron, cobalt, and chromium, 
however, behave differently : when treated with acids no 
hydrocyanic acid is evolved, and only one of the metals is 
replaced by hydrogen, thus :' 

K4Fe(CN)6 + 4HCI = H4Fe(CN)6 + 4KCI. 

Potassic ferrocyanide. Hydroferrocyanic acid. 

Hydroferrocyanic acid thus prepared is a white crystalline 
powder which rapidly becomes blue on exposure to the 
air. It is a strong acid, decomposing carbonates and ace- 
tates readily. 

Pure cyanides of iron have never yet been obtained, so 
great is the tendency on the part of iron to form double 
cyanides. Even metallic iron is dissolved by potassic 
cyanide : if the air have access, the reaction takes place 
as represented by the equation : 

6KCN + Fe + OH2 + O = K^Fe^p^^ 4^ lY.O^s 

but iS oxygen be carefully excluded, hydiogeii \^ ^voVnc.^ \ 
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eKCN + Fe + aOHa = K4Fe(CN)6 + 2KOH + H^. 

Potassic ferrocyanide, K4Fe(CN)6, is prepared on the 
large scale by fusing dry refuse animal matter, such as horn- 
parings, leather scraps, &c., with crude potassic carbonate 
and iron filings or turnings in large iron vessels. The 
cooled mass is subsequently eidiausted with hot water, the 
solution is evaporated to crystallisation, and the crude salt 
thus obtained purified by recrystallisation. A number of 
reactions occur during this process : in the first place, po- 
tassic cyanide is formed by the union of the potassium of 
the potassic carbonate with the nitrogen and carbon of the 
animal matters ; on subsequent treatment of the fused mass 
with water, the potassic cyanide is dissolved, but imme- 
diately reacts on the metallic iron and ferrous sulphide^ to 
form potassic ferrocyanide. The ferrous sulphide is derived 
partly from the sulphur in the animal matter, and partly 
from the potassic sulphate present in the crude carbonate. 

The pure salt crystallises in large, pale yellow tetragonal 
P3a*amids of the composition K4Fe(CN)e + 3OH2 ; it is 
readily soluble in water, and is not poisonous. 

Potassic ferrocyanide (yellow prussiate of potash) is 
largely employed in the manufacture of prussian blue for 
dyeing purposes; this is formed by mixing solutions of 
potassic ferrocyanide and ferric chloride, and is, in fact, 
ferric ferrocyanide : 

2Fe2Cl6 + 3K4Fe(CN)6 ^ 2Fe2.3Fe(CN)6 + 12KCI. 

At a red heat potassic ferrocyanide is decomposed into 
potassic cyanide, nitrogen, and so-called carbide of iron. 

Potassic Ferricyanide* — By the action of oxidising agents 
on potassic ferrocyanide, this salt loses a portion of its 
potassium and is converted into potassic ferricyanide. 
The latter is usually prepared by the action of chlorine 
either on the dry salt, or on an aqueous solution, the con- 

' FeS + 6KCN = K^S + K^fe^CN^ ^. 
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version of the ferrocyanide being complete when on the 
addition of ferric chloride a blue precipitate is no longer 
produced : 

2K4Fe(CN)6 + CI2 = 2KCI + K6Fe2(CN)i2. 

" Potassic ferricyanide (red prussiate of potash) forms large 
ruby-red prismatic crystals, readily soluble in water. In 
the presence of compounds capable of undergoing oxidation 
(i.e. of giving up hydrogen, or of taking up oxygen), and 
in alkaline solution, it acts as a powerful oxidising agent, 
being reconverted into ferrocyanide : 

K6Fe2(CN)i2 + 2KHO = O + OH2 +2K4Fe(CN)6. 

Soluble ferricyanides yield a dark blue precipitate^ of 
ferrous ferricyanide (Tumbuirs blue) with ferrous salts ; a 
brown coloration with ferric salts. 

Cyafwgen, C2N2 = (CN)2. — Cyanogen cannot be formed, 
except perhaps in very minute quantities, by direct union of 
its elements. The combination of carbon and nitrogen to 
form cyanogen would, it is ascertained, be attended by the 
absorption of a large amount of heat 

It may be obtained : 

1. By the decomposition of the cyanides of mercury, 
silver, and gold by heat :— Hg(CN)2 = C2N2 + Hg. 

A certain quantity of a brown amorphous substance (so- 
called paracyanogen), having the same composition as cyanogen, 
and which is doubdess a polymeric modification, is always pro- 
duced simultaneously. This paracyanogen is completely con- 
verted into gaseous cyanogen by heating to 860°. 

2. By the dry distillation of oxamidey C202(NH2)2, or 
ammonic oxalate, C204(NH4)2 : 

C202(NH2)2 = 2OH2 + C2N2. 

Cyanogen is a colourless, extremely poisonous gas, pos- 
sessing a characteristic odour resembling that of bvl\Kt 

> KtfFe^fC]V)j2 + 3FeSO^ = SK^SO^ v f5?^>i¥fe^\ps.V«.. 

F 
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almonds. It is readily condensed by die application of 
pressure, or cold, to a mobile liquid, which solidifies a few 
d^rees below — 30° to a crystalline solid. It bums in oxygen 
or air with a violet flame. 

In its chemical behaviour cyanogen exhibits the closest 
relations to the monad elements chlorine, bromine, and 
iodine, entering into combination with, and replacing, monad 
elements, and forming derivatives which in many respects 
closely resemble those yielded by these elements under 
similar conditions. For example, the action of cyanogen 
on a solution of potassic hydrate, which yields a mixture of 
potassic cyanide and cyanate : 

CaNj + 2KHO = KCN + KCNO + OH2 

is the precise analogue of that which occiu^ when chlorine 
acts upon potassic hydrate : 

CI, + 2KHO = KCl + KCIO + OH,. 

It was the discovery of this peculiar property of this 
body which first gave rise to the assumption of compound 
organic radicles,^ or groups of elements capable of being 
transferred unaltered firom compound to compound : the 
molecule of cyanogen being assumed to contain twice the 
monad compound radicle (C^^'N'")', just as the molecules of 
hydrogen, of chlorine, &c., are assumed to be constituted as 
represented by the formulae H2, CI2. 

Both aqueous and alcoholic solutions of cyanogen decom- 
pose spontaneously, depositinjg a brown powder (azulmic 
acid). The main product of. decomposition in aqueous solu- 
tion is ammonic oxalate : 

CjNa + 4OH2 = C204(NH4)2. 

' An element is regarded as a simple radicle, and in the same way 

that we speak of monad, d3rad, or triad elements so we speak of monad, 

d^d^ or triad compound radicles, meaning thereby that these are 

equivalent in combining or replacing power to one, two, or three unit- 

^ei^hts of hydrogen* 
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At the same time, however, small quantities of ammonic 
carbonate, hydrocyanic acid, and urea are produced, thus : 

C2N2 + OH2 = HCN + CNOH, 

Cyanogen Hydrocyanic Cyanic acid. 

acid. 

but the cyanic acid in presence of water is at once converted 
partly into hydric ammonic carbonate, partly into lurea, 
CO(NH2)2 

CNOH + 2OH2 = NH4HCO3. 

2CNOH + OH2 = CO(NH2)2 + CO2. 

The presence of aldehyde, or of hydrochloric acid, in the 
aqueous solution has a remarkable effect in retarding the 
assimilation of water ; in this case, oxamide • is produced in 
place of ammonic oxalate : 

C2N2 + 2OH2 = C202(NH2)2. 

Cyanogen is similarly, although more rapidly converted 
mto oxalic acid by digestion with a solution of potassic 
hydrate, or of a mineral acid. 

Chlorides of Cyanogm, — By the action of chlorine on 
hydrocyanic acid, or on metallic cyanides, the hydrogen or 
metal is replaced by chlorine, and a chloride of cyanogen 
is produced, thus : 

HCN + CI2 = HCl + CICN ; 

Hg(CN)2 + 2CI2 = HgCl2 + 2CICN. 

Three such compounds have been described : one is 
gaseous ; the second is a liquid boiling at 12*6° ; the third 
is a crystalUne solid boiling at 190°. It is probable, how- 
ever, liiat the gaseous chloride is simply the vapour of the 
liquid chloride. 

Liquid cyanogen chloride (CNCl) is obtained by passing 
chlorine into a solution of i part of hydrocyanic acid in 5 
parts of water cooled by a mixture of ice and salt until the 
liquid assumes a green colour \ it sepaiaX^^ ^s ^xv cs^ ^sa;:i^^ 
at the bottom of the Jiquid mass. 

F 2 
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Solid cyanogen chloride (C3N3CI3), which is polymeric 
with the liquid chloride, is prepared by passing chlorine into 
a well-cooled solution of i part hydrocyanic acid in 4 parts 
anhydrous ether, and separates in the crystalline form after 
some time. 

Similarly, two bromides of cyanogen of the composition 
represented by the formulae CNBr and CjNjBra respectively, 
and a crystalHne iodide, CNI, are known. 

Hydrates of Cyanogen, — These may be regarded as de- 
rived from the above chlorides by the replacement of 
chlorine by hydroxyl (OH). The following are known :— 

Cyanic acidy CNOH ; Cyanuric acid, C3N3O3H3 ; and 
Cyamelide, «(CNOH), a compound of the same percentage 
composition as these, the unit-weight of which is yet un- 
known. 

The compound intermediate between the first and second 
of the above, Dicyanic acid, C2N2O2H2, does not appear 
to have been obtained in a pure state. 

These bodies are chiefly interesting on account of the 
remarkable manner in which they pass firom one condi- 
tion to the other : thus if acetic acid be added to a cyanate 
in insufficient quantity to decompose it entirely, it is con- 
verted into cyanurate ; cyanuric acid is converted by heat 
into cyanic acid, which changes spontaneously into cyame- 
lide ; cyamelide is converted by heat into cyanic acid, and 
by the action of alkalies into cyanuric acid. Another of 
the most interesting changes occurring in this series is the 
spontaneous conversion of ammonic cyanate, CN0(NH4), 
into urea, CO(NH2)2, the amide of carbonic acid. 

Cyanic Acid, CNOH. — The sole method of preparation 
is by distillation of dry cyanuric acid. Cyanates are readily 
obtained by the direct oxidation of cyanides : thus potassic 
cyanide is converted into potassic cyanate, by fusion with 
manganic peroxide, or plumbic oxide : 

CNK -h PbO = CNOK + Pb. 
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The formation of potassic cyanate by the action of cyano- 
gen on a solution of potassic hydrate has been previously 
described. 

Cyanic acid cannot be prepared by the double decom- 
position of cyanates by acids, since it is rapidly converted 
in presence of water into ammonic carbonate and urea. 
Pure cyanic acid is a colourless, strongly acid liquid, of 
extremely pungent odour ; at 0° C. it changes spontaneously 
in an hour into white crystalline cyamelide. 

Cyanuric Acidy C3N3O3H3, is obtained by the action of 
heat, or of chlorine, on urea ; also by double decomposition 
of solid cyanogen chloride by water. It is only completely 
converted into airimonic carbonate after long-continued 
boiling with water. It yields solid cyanogen chloride when 
submitted to the action of phosphorus pentachloride : 

C3N3O3H3 + 3PCI5 = C3N3CI8 -f 3POCI3 + 3HCI. 

Sulphocyanic Acidy GNSH. — The most important salt of 
this acid, potassic sulphocyanate, is readily formed by 
heating a mixture of potassic cyanide and sulphur in equiva- 
lent proportions for some time to fusion. Potassic sulpho- 
cyanate crystallises in long white, highly deliquescent pris- 
matic needles. Sulphocyanic acid, like cyanic acid, is ex- 
tremely unstable, and is readily converted in presence 01 
water into carbonic oxysulphide (p. 59) and ammonia: 

CNSH -f OH2 = COS -f NH3. 

Cyanamidcy CN(H2N), is obtained by the action of 
gaseous chloride of cyanogen on ammonia. It is a white 
crystalline body, which melts at 40°. If an aqueous solu- 
tion of it be left to itself for some time, it deposits a spar- 
ingly soluble crystalline substance, which is probably dicy- 
anamidcy C2N4H4. When heated to 150**, cyanamide solidi- 
fies with considerable evolution of heat, and is converted 
into cyanuramide or melamine, C3N6H6. By the action 
of strong acids (sulphuric acid) cyamiTaift\d^\'5»^'wai^ ^^'^- 
verted into cyanuiic acid, but a seiVe^ ol vciXSTK^^^^^ 
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products are obtained, each derived from the preceding by 
the addition of OH2 and elimination of NH3 : — 

CsNeHg + OH2 - NH3 = C3N5H5O. 

Cyanuramide. Amineline. 

sCjNsHsO + OHj - NH3 = C6N9H9O3. 

Ammeline. Ammelide. 

CfiNgHgOa + OH2 - NH3 = 2C3N4H4O2. 

Ammelide. Melanurenic acid 

C3N4H40j + OHa - NH3 = C3N3H3O3. 

Melanurenic acid Cyanuric acid 



CHAPTER V. 

HYDROCARBONS. 
CnH2n+2 OR MARSH GAS SERIES. PARAFFINS. 

The name 'paraffin ^^ has long been applied to a mixture of 
the solid hydrocarbons of this series, and many of the 
liquid members are known commercially as * paraffin oils ' ; 
hence it has been proposed by Mr. Watts to employ it as 
a generic term indicating the chemical indiflference which, 
indeed, is especially characteristic of the entire group now 
under consideration. 

A large number of these paraffins are known ; they con- 
stitute, in fact, a complete homologous series, each term of 
which, from CH4, the first member, upwards differs fi*om the 
term next below in the series by CH2* The first three mem- 
bers of the series are gaseous ; those following are liquid, but 
become more and more viscid and less volatile as the series 
is ascended ; whilst the highest terms are crystalline solids. 
There is also a gradual increase in specific gravity from 
term to term. These gradual alterations in physical prp- 
perties are attended by slight alterations in chemical 

' From jfiarum^ affinis. 
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behaviour, although the members exhibit the same general 
behaviour throughout the entire series. 

The following are the names and formulae of the first ten 
members of the series : — 



Methane . 


. CH4 


Hexane . 


• ^%^\i 


Ethane . 


C2H6 


Heptane . 


• C7H16 


Propane . 


• CaHg 


Octane . 


• CgHjg 


Tetrane . 


• C4H10 


Nonane . 


. C9H20 


Pentane . 


• C5H12 


Decane . 


• ^lO-"-22 



The whole series may be built up by progressive conden- 
sation, with simultaneous elimination of hydrogen, from the 
first term, Methane, CH4 ; thus : 

CH4 + CH4=C2H6+H2 ; C2H6+CH4=C3H8 + H2; &c. 

This condensation may be effected either directly by the 
agency of heat, or indirectly by the so-called method of 
addition, which consists, so to speak, in setting free, by 
appropriate means, two hydrocarbon residues of two mono- 
substitution-derivatives of CnHgn + 2 hydrocarbons in pre- 
sence of each other, when they combine, thus : 



CH J + ^^ - ^^^2 + CH, 



3 _ 
3 



CoHi 



The first of these methods is not generally available, inas- 
much as the CnH2n+2 hydrocarbons themselves lose hydro- 
gen under the influence of heat. Various modifications of 
the second are therefore employed for their preparation. 



GENERAL METHODS OF PREPARATION. 

I. From the CnH2n+i.0H series of alcohols. These 
are converted by the action of the haloid acids, or haloid 
phosphorus compounds, into the corresponding mono- 
chlorinated, monobrominated, or moniodated paraffin, which 
is then submitted to the action of nascent hydrogen : 

C,H2n+i.0H + HCl = C,H^^ A ^ O^c,-, 
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This is probably the only really general method of pre- 
paration ; those following all cease to be available at certain 
stages in the series. 

2. By the action of water on the zinc organo-metallic 
compounds of the general formula Zn(CnH|t + i), : 

Zn(CJH[jto * 1)2 + 2OH2 = Zn(0H)2 + 2C,H2,+ 2- 

A modification of this method, whereby the previous pre- 
paration of the zinc organo-metallic compound in the pure 
state is avoided, consists in heating a mixture of the mon- 
iodo-derivative of the paraffin required with zinc and 
water : 

2CnH2n^.iI + 2Zn+20H2 = Znlj + Zn(0H)2 + 2C„H2n+2. 

3. By heating the moniodo- derivatives of the paraffins 
with zinc : 

2CnH2n ^. il "h Zn = Znl2 + C2nH4n + 2* 

The paraffin thus formed is resolved partly, however, into 
the paraffin containing half as much carbon and the olefine' 
corresponding to it ; 

4. By the action of sodium on the moniodo-derivatives of 
the paraffins : 

2CnH2n + il + Na2 = 2NaI + C2nH4„ + 2. 

5. By the electrolysis of the acids of the Cnlign + 1.CO2H 
(or acetic) series ; 

2CnH2n + 1.CO2H = C2nH4n + 2 + 2CO2 -f- H2. 

6. By the dry distillation of a mixture of sodic hydrate 
with the sodic salt of an acid of the CnH2n + i.C02H (or 
acetic), or of the CnH2n(C02H)2 (or succinic) series : 

CnH2„+i.C02Na + NaOH = Na2C03 -h C„H2n+2. 

CnH2n(C02Na)2 + 2NaOH = 2Na2C03 -f CnH2n+2. 
^ The hydrocaihans of the CnH2n series are termed generically 
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It is usual to regard the CnHan + 2 series of hydrocarbons 
as derived from the first term, methane, by the substitution 
of so-called radicles of the CnHgn + i series for hydrogen. 
For example, ethane is regarded as formed from methane 
by the replacement of H in the latter by methyl (CH3) ; 
and the reaction whereby ethane is formed on treating 
iodomethane (methylic iodide) with sodium, viz. : 2CH3I + 
Naa = 2NaI -h C2H'6, may evidently be thus interpreted. 
On this view the names methylmethane and dimethyl are 
often applied to ethaae, and have reference to the mode of 
formation indicated by the above equation. But these radicles 
of the CnHan+i series, which are simply residues of CnH2n+2 
hydrocarbons, have no existence in the free state ; in point of 
fact they are convenient fictions, which nevertheless render us 
great service in our system of symbolic notation. They are 
generally designated by names ending in yl^ formed from 
the names of the hydrocarbons to which they corresDond by 
changing the terminal ane intoy. 

Methane and its homologues are also often regarded as 
compounds of CnH2n + i radicles with hydrogen, i.e. as hy- 
drides of these radicles : thus methane is termed methylic 
hydride ; ethane ethylic hydride^ &c. This method of nomen- 
clature, however, appears to suggest that a portion of the 
hydrogen in methane has a different value or function to 
that of the remaining hydrogen ; now although this is not 
absolutely disproved by experiment, there is the strongest 
reason to believe that it is not the case, and it therefore 
appears unadvisable to regard these hydrocarbons as 
hydrides of hypothetical radicles. The names dimethyl 
and methylmethane, again, appear to suggest that ethane 
actually contains the radicle methyl, or that> in fact, 
when the two methyl groups liberated firom 2CH3I by the 
action of Na2 coalesce to form C2Hg, these groups still 
preserve their individuality in the new compound. IC ^c^^ 
we should expect by the action ot c\A.of«v^^ lot ^^^^sx^^-^ 
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on C2Hg, to obtain 2CH3CI ; this, however, is not the case, 
but chlorinated derivatives of C2H6, such as C2H5CI, &c., 
are always produced. Again, the hydrocarbon CsHg, ob- 
tained by the action of sodium on a mixture of iodo- 
methane and iodethane : 

C2H5I + CH3I + Na2 = 2NaI + CaHg, 

does not yield a mixture of C2H5CI and CH3CI when acted 
upon by chlorine, but such derivatives as C3H7CI and 
C3HeCl2. Other reagents act similarly, and do not resolve 
the hydrocarbons into products bearing any simple relation 
to those from which they were originally built up. 

We are thus led to conclude that these hydrocarbons 
are, so to speak, perfectly homogeneous compounds \ that 
the so-called radicles from which they may conveniently be 
regarded as formed have on coalescing lost their individu- 
ality ; in fact, that they have no real existence in the new 
compounds. From these considerations the name ethane 
appears therefore the most appropriate for the hydrocarbon 
obtained from iodomethane by the action of sodium ; such 
names as methylmethane or dimethyl may still be usefully 
employed, in order to recall the operation whereby the 
compound is produced, although not as in any way ex- 
pressing the actual constitution. Employed in this sense, 
such a system of symbolic nomenclature is of the greatest 
service, especially in the higher terms of the series, as a 
means of recalling the methods of formation of the com- 
pounds represented, and also of distinguishing between the 
numerous isomerides. 

No isomeric modifications of the first three members of 
the series — methane, CH4 ; ethane, C2H6 ; or propane, 
CaHg — have been oltained, but two modifications of the 
fourth member, tetrane, C4H10, are known, and each higher 
term of the scries, so far as at present investigated, has been 
found capable of existing in a still greater number qf 
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isomeric forms, the number of isomerides increasing more 
and more rapidly as the series is ascended. 

Now according to the above view, which leads us to regard 
ethane as the mono-methyl-derivative of methane, no 
isomeric modifications of ethane are possible if the four 
units of hydrogen in methane are of exactly equal value, 
and, as a matter of fact, none have been obtained. 

The next higher homologue, propane, CjHg, may be 
regarded as formed from methane by the substitution of 
hydrogen by ethyl, C2H5, the hypothetical radicle derived 
from ethane by the withdrawal of one unit-weight of hydro- 
gen, and may be written CH3.C2H5 or CH3.CH2.CH3, since 
C2H5 equals CHs-CHa — H = CH3.CH2. Propane is there- 
fore ethylmethane, or, which is the same, methylethane, 
No other arrangement of the symbols being possible than 
that which obtains in the formula CH3.CH2.CH3, there 
should be only one propane according to this theory, which 
is really the case. By replacing hydrogen in propane by 
methyl, the next higher homologue, methylpropane or 
tetrane, C4H10, is produced ; but it will be evident that the 
formula of this hydrocarbon may be written in two ways : 
either H in one of the end CH3 groups may be supposed 
to be replaced by CH3, as represented by the formula 
CH3.CH2.CH2.CH3, or the CH3 group may replace H in the 
centre CHg group, whence the formula CH3.CH(CH3).CH3; 
and as a matter of fact two isomeric hydrocarbons of the 
composition C4H,o are known. Similarly three isomeric 
pentanes, C5H12, have been prepared, and we find that the 
formula of this hydrocarbon may on the above theory be 
written in three ways, viz. : 

I. CH3.Cri2.CH2.CH2.CH3. 
2., CH3.CH2.CH(CH3).CH3. 

3. C(CH3)4. 

All other modes of arrangement appear on ix\s^^OL\Qfsv \.^ 
be identical with one or other of these. 
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Similarly it may be shown that the formula of Hexane,' 
C6H14, may be written in five, that of Heptane in nine, 
different ways ; and since three Hexanes and three Heptanes 
only are known, we anticipate that two modifications of the 
former and six modifications of the latter remain to be 
discovered.^ 

The operations whereby these isomeric hydrocarbons are 
produced are different, hence the isomerism ; and they are 
accordiijgly symbolised by differently constructed rational 
formulae. It is in this sense, therefore, that the formulse 
must be interpreted ; they are not to be regarded as repre- 
sentations of the actual constitution of the hydrocarbons. 

The known paraffins may be classified in four series, ac- 
cording to their modes of formation and chemical behaviour. 
Those arranged in vertical columns in the accompanying 
table are homologous ^ those on the same horizontal line are 
isomeric. 

The members of the first series are termed normal primary 
paraffins : they alone can be directiy converted into normal 
primary monohydric alcohols. The boiling-point (and spe- 
cific gravity in the liquid state) of each normal paraffin is, 
as a rule, higher than that of either of the corresponding iso- 
meric hydrocarbons, and it is especially noteworthy that the 
normal paraffin is the term of greatest stability in each iso- 
meric series ; it may be noticed also, that in their deve- 
loped rational formulae no one unit of carbon is represented 

1. CH3.CH2. CH2»CH2.Cri2.CH3 

2. CH3.CH(CH3).CH2.CH2.CH3 

3. CH3.CH(CH3).CH(CH3).CH3 

4. CH3.C(CH3)2.CH2.CH3 (unknown) 

5. CHa.CH(C2H5).CH2.CH3. (unknown; 

* Prof. Cayleyhas calculated that no less than 799 paraffins of the 
formula CisHjg are possible; even supposing such a number to exist, 
Jjowever, it is probable that the differences between many would be so 
minute as to escape detection. 
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as directly united with more than two other units of 
carbon, or, to use symbolic language, * the carbon atoms 
are united in a single chain.' It will be seen that the differ- 
ence, at first 37°, between the boiling-point of the homologous 
terms in this series decreases regularly by about 4° ; there is 
reason to beHeve that after octane the difference becomes a 
constant one of 19°, since the boiling-points oi dodecane 2sA 
hexdecane^ the only two members of the series after octane 
with which we are well acquainted, are in agreement with 
this assumption. Doubtiess similar relations obtain between 
the boiling-points of the homologues in the second, third, 
and fourth series. Thus in the second division, each addi- 
tion of CH2 to the formula corresponds to a rise of about 
31° in boiling-point ; in the third, there is a mean difference 
of about 25° ; whilst in the fourth, the difference would 
seem to be much greater, viz., about 38°. Our knowledge 
of the paraffins of these three series is, however, extremely 
deficient, and probably but few of the boiling-points quoted 
are exact, since the observations have been made by various 
chemists using different instruments, and often very small, 
quantities of substance. 

The normal paraffins are contained in petroleum oil and 
in the paraffin oils obtained by distilling coal. Boghead 
cannel, &c. They have also been obtained synthetically 
by the above-mentioned general methods of preparation : 
especially by the first general method from the normal 
primary and normal secondary monohydric alcohols, and 
by the fourth method by the action of sodium on a pure 
iodide, or mixture of two iodides (moniodoparaffins) derived 
from the normal primary monohydric alcohols of the 
CnHgn + i.OH series.' 

' Having regard to the formation of normal paraffins from both 
nonnal primary and normal secondary monohydric alcohols, it is a re- 
markable fact that the normal paraffins (pentane, hexatve, ^xi<i\v^'^\.'M\fc^ 
and probably their homologues also) yield a m\xt\rc& ol \:w<i \sq«nsxv^ 
monochlorlnated derivatives when acted upon \>^ Oc^arvskfc, o^ns. ^^ 
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Some at least of the paraffins of the second series are 
present in petroleum oil, but our chief knowledge of this 
group has been derived from the study of the various mem- 
bers obtained by synthetic methods. 

In the preparation of the members of the third and fourth 
series, synthetic methods alone have been employed. 

In each homologous series a diminution in stability is 
observed as the boiling-point rises; the higher hydrocarbons 
exhibit, especially in their mono-haloid derivatives and 
corresponding alcohols, a gradually increasing tendency to 
split up into the corresponding olefine (CnHan) and hydrogen, 
haloid acid, or water. In each isomeric series, however, the 
alteration in stability is in the contrary direction : the iso- 
meride of lower boiling-point being far more readily decom 
posed than that of higher boiling-point, and this behaviour 
is equally characteristic of the derivatives. 

As already stated, it appears that in each isomeric (hori- 
zontal) series, the normal paraffin possesses relatively the 
highest specific gravity and boiling-point Now Berthelot 
has pointed out that in the case of compounds of identical 
composition, but of different specific gravity and boiling- 
point, more heat is evolved in the formation of the com- 
pound of higher, than in the formation of the compound of 
lower specific gravity and boiling-point Thus, on com- 
bustion of 60 grammes of methylic formate, which boils 
at 33^ and at 15° has a specific gravity of -977, 252,000 
units of heat are evolved ; whereas on combustion of the 
same quantity of acetic acid, which has the same composition, 
but the specific gravity 1*063 at i5°,and which boils at 117°, 
only 210,000 heat-units are set free, showing that consider- 
ably less heat must be evolved in the formation of methylic 
formate than in the formation of the metameric body, acetic 
acid. 
Hence, although the necessary data for the calculation of 

which is convertible into the corresponding noimai iptvmaiY, the other 
*^^ the normal secondary monohydric alcohol. 
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the amount of heat evolved in the formation, or on combus- 
tion, of the isomeric paraffins have not yet been obtained, 
there is on this account reason to believe that more heat is 
evolved in the formation of the primary paraffin than in the 
formation of either of the isomerides. This conclusion is 
strongly supported by the difference in chemical behaviour 
which the isomeric paraffins exhibit, inasmuch as it at once 
suffices to explain the superior stability of the normal paraf- 
fins and their derivatives. 

The paraffins are for the most part an extremely inert 
series of bodies ; they are not acted upon by sulphuric acid, 
nor by cold concentrated nitric acid, but are oxidised by 
prolonged boiling with the latter acid. Other oxidising 
agents have also little or no action on the paraffins in the 
cold ; on heating they slowly determine their conversion 
for the greater part into carbonic anhydride and water, 
whilst at the same time relatively small quantities of acids 
of the CnHan + i(C02H) and CnH2n(C02H)2 series are pro- 
duced. 

Methane (methylic hydride; marsh-gas; light carbu- 
retted hydrogen ; fire-damp), CH4. 

Occurrence, — i. As a product of the decomposition of 
organic substances out of contact with air. 2. In coal 
mines. 3. In volcano gases ; the gas of the mud volcano 
at Bulganak in the Crimea is nearly pure methane. 

Preparation, — i. By passing carbonic disulphide vapour 
and hydric sulphide (or steam) over red-hot copper : 

CS2 -f- 2SH2 + 4Cu = CH4 + 4CuS. 

2. By the action of water on zincic methide : 

Zn(CH3)2 + 2OH2 = 2CH4 -f- Zn02H2. 

3. By the action of nascent hydrogen on carbonic tetra- 
chloride {CCI4), chloroform (CHClj), or iodofcrax ^Y^^ *. 

ecu + 4H2 = CH4 + /vSiev 
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4. By heating a mixture of sodic acetate and soda-lime : 

CHjCOaNa + NkHO = CH4 + NaaCOa. 

The mixture of one part sodic acetate and two parts soda 
lime is carefully heated in a hard glass retort or tube, or copper 
flask, and the evolved gas passed through a solution of sodic 
hydrate and afterwards through concentrated sulphuric acid. 
The gas thus obtained is not pure methane, but contains traces 
of higher hydrocarbons, of acetone, &c. ; in fact, pure methane 
is only obtained by method 2. 

5. By the destructive distillation of organic substances such as wood, 
coal, &c., but together with a variety of other hydrocarbons ; hence it 
is a constituent of coal-gas. 

Properties. — Methane is a colourless, odourless, inflam- 
mable, uncondensable gas, sparingly soluble in water, more 
soluble in alcohol ; it bums with a scarcely luminous flame, 
and a mixture of it with oxygen or air explodes violently 
on ignition. A mixture of methane and chlorine explodes 
on exposure to direct sunlight, or on passing an electric 
spark through it— CH* + 2Cl2 = C + 4HCI ; but in diffused 
light the action of chlorine gives rise to the formation of 
mono-, di-, tri-, and tetra-chloromethane, CH3CI, CH2CI2, 
CHCI3, CCI4. 

Ethane (ethylic hydride ; dimethyl), C2H6. 

Preparation, — i. By the action of water on zincic ethide : 

Zn(C2H5)2 -f- 2OH2 = 2C2H6 + Zn02H2. 
2. By the electrolysis of acetic acid : 

2CH3.CO2H = C2H6 + 2CO2 + H2. 

The hydrogen is evolved at the negative pole, the ethane and 
carbonic anhydride together at the positive pole. The apparatus 
is therefore so arranged that the gaseous products can be col- 
lected separately. The positive pole consists of a platinum plate 
suspended in a cylinder of porous earthenware, the open end 
of which is closed by a cork perforated by the pole wire affixed 
to the platinum plate and by a narrow glass tube; the porous 
cylinder stands in a glass cell and is surrounded by a sheet of 
copper, serving as negative pole. TYie c^Ymd^x aivd ^^^^ c^\l are 
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filled with a solution of potassic acetate. The zinc terminal of a 
battery of 4 or 6 powerful Bunsen or Grove cells is then con- 
nected with the copper plate, and the carbon or platinum termi- 
nal with the platinum plate. The gas evolved in the porous cell 
is passed through a bulb apparatus containing potassic hydrate 
solution, to remove carbonic anhydride ; afterwards through 
fuming sulphuric acid, to free it from traces of ethylene ; then 
through potassic hydrate solution and concentrated sulphuric 
acid, and is finally collected over mercury. 

Properties, — Ethane is a colourless, inodorous gas, 
scarcely soluble in water, but dissolved by alcohol to the 
extent of 1*22 of the volume of the latter (at 8*8°). It 
does not liquefy at —18°, or even under a pressure of 20 
atmospheres. By the action of chlorine in diffused light it 
is converted into chlorinated derivatives, C2H5CI, C2H4CI2, 
&c. Bromine is without action on it even in bright sun- 
light 

Propane, CaHg, may be obtained by the action of 
nascent hydrogen either on a-chloropropane (propylic 
chloride), CH3.CH2.CH2CI, or on /3-chloropropane (isopro- 
pylic chloride), CH3.CHCI.CH3 ; and also by the fourth, 
fifth, and sixth general methods of preparation. 

Tetrane, C4H10. — As already stated, two modifications 
of this paraflSn exist, viz. : — 

Normal Tetrane, or Diethyl, CH3.CH2.CH2.CH3.— Pre- 
paration : — By general methods. A remarkable special 
method consists in exposing iodethane (ethylic iodide) over 
mercury to the influence of bright sunlight : 

2C2H5I + Hg = C4H10 + Hgla. 

Normal tetrane boils at i**. 

Isopropylmethane, or Trimethylmethane, CH3.CH(CH3). 
CH3, is obtained by the action of nascent hydrogen on the 
lodotetrane formed from trimethylcarbinol (tertiary butylic 
alcohol) : 

G 
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The boiling-point of this hydrocarbon is — 15°. 

Pentane, C5H12. — The first of the three modifications of 
this hydrocarbon, normal pentane^ CH3.CH2.CH2.CH2.CH3, 
is obtained from petroleum oil ; the second, isopropylethaney 
CH3.CH(CH8).CH2.CH3, is prepared by the action oif 
nascent hydrogen on /3-iodopentane prepared from fermenta- 
tion amylic alcohol, or by the action of sodium on a mixture 
of iodethane and /3-iodopropane (isopropylic iodide) : 

CH3.CH2I + CH3.CHLCH3 + Naa = 2NaI + 

CH3.Cxl2.Cri(Cxl3).CH3, 

Normal pentane boils at 38** \ isopropylethane at 30°. 

Tetratnethylmethaney C(CH3)4, the third modification of 
pentane, has been obtained by the action of zindc methide 
on the iodotetrane formed from trimethylcarbinol : 

C(CH3)3l + Zn(CH3)2 = C(CH3)4 -h ZnICH3. 

It is a colourless liquid, which boils at 9° '5 and solidifies 
at —20° to a white crystalline mass. 

By oft-repeated fractional distillation, members of the 
paraffin series up to C15H32 have been isolated from petro- 
leum oil, which doubtless contains terms of a still higher 
order. Mixtures of the liquid hydrocarbons of the series — 
known in commerce as paraffin oU^ photogme, solar oil, &c. 
— are extensively used as illuminating agents, and thv higher 
terms, which are of an oily or buttery consistency, for lubri- 
cating machinery ; such mixtures are now largely manufac- 
tured by destructive distillation of Boghead and cannel coal, 
lignite, asphalte, &c. 

Paraffin, — The white solid substance known under this 
name is probably a mixture of several members of the 
CnH2n + 2 series, in which the value of n has not been 
satisfactorily determined. It is produced, together with the 
lower liquid terms of the series, by the destructive distillation 
of Boghead or cannel coal, &c The purification of the 
crude distillate is a matter of considerable difficulty, the fol- 
Jowing being an outline of one of tiiepiocessts era^\o^^d\ — 
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The crude tar resulting from the first distillation is separated 
from the water produced simultaneously, and redistilled ; the 
distillate is then placed in large closed cast-iron vessels, and 
thoroughly agitated with a solution of sodic hydrate, in order 
to remove the acid substances which it contains. After stand- 
ing some time the oil is separated, washed with water, and 
then treated with concentrated sulphiuic acid in the same 
manner, in order to free it from all basic substances, naphthalene, 
&c. ; it is next separated from the acid, washed, first with water, 
then with weak soda-lye, then distilled, and the portion of the 
distillate which becomes solid on cooling collected apart This 
crude product is placed in a centrifugal machine, whereby a 
quantity of thick oil is expressed ; then cast into cakes, and sub- 
jected to hydraulic pressure, first in the cold and afterwards at 
35*'-4o**, in order to remove all hydrocarbons melting below 40°. 
The pressed paraffin is next heated with a small quantity of 
concentrated sulphuric acid at 150**, whereby the hydrocarbons 
other than paraffins are carbonised, the paraffin remaining un- 
altered ; it is then carefully washed, dissolved in the oils of low 
boiling-point, the hot solution filtered through animal charcoal 
to remove colouring matter, and the volatile oil distilled off. 

Thus prepared, it is colourless and translucent, melting 
at 4o°-6o*', according to the source from which it is ob- 
tained \ it boils at about 370°. 

It has recently been shown * that when such paraffin is 
heated for some time to a high temperature under pressure, 
it is resolved into a complex mixture of liquid hydrocarbons, 
members of the CnHan + 2 ^^^^ CnH2n series. 

Heated for several days with a mixture of sulphuric acid 
and potassic dichromate solution, it is converted mainly into 
cerotic acid^ C27H54O2, whilst on oxidation with nitric acid 
it yields a mixture of solid and liquid fatty acids (acids of 
the CnH2n + i.C02H or acetic series), together with succinic 
and, perhaps, anchoic acid. 

The minerals known as fossil wax, ozokerit, &c., found in 
the coal measures, contain paraffins of high meltin^-i^omfc* 

» Thorpe and Young, lyoceedings of the Royal Society, n^ t3- -^^ «?>'^' 

G 2 
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HALOID DERIVATIVES OF THE PARAFFINS. 

The paraffins are all acted upon by chlorine, and con- 
verted into substitution-derivatives, more especially under 
the influence of sunlight ; the presence of a small quantity 
of iodine also often facilitates the action of chlorine. 
Bromine, in most cases, acts similarly, though less energe- 
tically. Iodine, so far as is known, has no direct action on 
them. 

In the preparation of the mono-substitution derivatives 
higher substituted products are always formed simul- 
taneously, even when chlorine (or bromine) and the hydro- 
carbon are employed exactly in the proportions required by 
the equation : 

CnH2n + 2 + CI2 ^ CnH2n + iCl -|- HCl. 

ThuSy when a mixture of equal volumes of chlorine and 
methane is exposed to diffused light, together with CH3CI, 
more or less CH2CI2, CHCI3, and CCI4, according to the 
conditions of experiment, are always obtained; a certain 
quantity of methane, therefore, necessarily remains unat- 
tacked. On this account the pure mono-haloid derivatives 
are most conveniently prepared from the corresponding 
monohydric alcohols by the action of the haloid phosphorus 
compounds, or of the haloid acids, according to such 
general reactions as the following equations express : — 

3C^H2n+i.OH -f- PCI3 = sCnHan+iCl + PH3O8. 

CnH2n+l«0H -f- HI = CnH2n+lI + OH2. 

Pure di-derivatives of the paraffins are obtained from 
the CnH2n series of hydrocarbons, which combine directly 
with the halogens, thus : 

CnH2n + Br2 = CnH2nBr2. 

The compounds so produced are sometimes identical, 

sometimes isomeric with those obtained by the direct action 

of the halogens on tlie paraffins from w\v\c)cv >iJa'& Q\afiY^es em- 
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ployed are derived : thus, dichlorethane, CjHiCla, from 
ethane, is isomeric with the body formed by the direct ad- 
dition of clilorine to ethylene, CjH^ ; but didiloropropane, 
CjHgCla, from propane, is identical with the body obtained 
by the direct combination of propylene, CgHs, with chlorine. 

The higher haloid derivatives oF the paraffins, excepting 
those derived from methane and ethane, have been little 
studied. 

As already stated, two isomeric mono-haloid derivatives 
are formed simultaneously by the action of chlorine on the 
normal primary paraffins (pentane, hexane, and heptane '), 
convertible respectively into a normal primary and a normal 
secondary monohydric alcohol ; the derivative yielding the 
former may be termed the a-derivative, and that yielding 
the latter the /derivative,* In the following tables the 
boiling-points and specific gravities in the liquid state of the 
known a- and /3-monochloro-, monobromo-, and moniodo- 
derivatives of the first eight normal primary paraffins are 
given : — 

Boiling-points. 
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«I.ri,* 


,.... 


Fonnula 


•■irnit. 


fl-dmvi. 


cH,a 


" 


' 


CH^Br 


13 


" 


CH,I 


40 


" 


CjHiCl 


12-S 




CjHsBr 


41 




C,HJ 


72 'S 




C^HjCl 


46-S 




C„H,Br 




6i 


C,H,I 




Sq^ 


C.H.a : 77-5 1 70 




100-3 


90-5 




129-5 


120-5 


CiH„Cl 106-5 ' 101 


CjHijBi 


139 






'SS.S 


147-5 


c,H,,a, — 1 — 


CaHi^Bj 






C„H„I 


179-5 




C,H,,Cl| - 1 — 








C,H,J 






C.H„Cli8o 1 175 


C,H„Kr 


'99 


— 


CeH.,[!2Il 


211 



' It appears probable that all (he homologous normal primary 
paraffins from piopane inclusive upwards exhibit a similar behaviour. 
The Ijehaviour of Iheir isomerides with chlorine has been little studied 
as jtA, but it may be expected that in many cases it will be found thU 
istHneric deKvatives are also formed simultaneously from them. 

' The action of chlorine on these paraffins k V-hvM (;am^fctaetv\Kri ^^i 
&at of haloid acids oa the isomeric notttiaV ^Tvinai^ b-iA ^wit^>a^ 
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Specific Gravities. 




Formula 


a-derivatives 


^-derivatives 


CHsCl 


^^ 


__ 


QHsCl 


•920 at 0® 


— 


CaH.Cl 


•915 ,» 


•874 at 10® 


C^HeCl 


•907 „ 


•895 „ 


C5H11CI 


•901 »» 


•886 „ 


CeHisCl 


— 


— 


CHgBr 


— 


— 


QHsBr 


I '47 at 0° 


— 


CgHTBr 


1*35 » 16 


1-32 at 13 


C^HoBr 


1-30,, 


124 „ 


QH.iBr 


1*22 ,, 20 


1*21 ,, 16 


C^Hx^Br 


>— 


— 


CH3I 


2*19 at 


— 


C^HsI 


1*97 ,* 


— 


C3H7I 


176 „ 16 


I '70 at 15 


QHel 


164 „ 


1-63 » 


QH,,I 


I 54 „ 


1-46 „ 


CeHj^I 


I 41 „ 17 


i'44„ 



Inspection of these tables shows that the relations be- 
tween the isomeric mono-haloid derivatives of the paraffins 
are of the same nature as those observed to exist between 
the isomeric paraffins. The a-derivative has a higher boil- 
ing-point and in most (probably in all) cases also a higher 
specific gravity than the corresponding j3-derivative ; and it 
will be noticed (more especially in the case of the iodo- 
derivatives) that the difference in boiling-point between every 
two successive homologues diminishes steadily as the series 
is ascended. It appears probable * that when the diflference 
has sunk to about 19** it becomes constant. 

alcohols, which yield mono-haloid derivatives — isomeric among them- 
selves, but convertible by the action of nascent hydrogen into the same 
normal primary paraffin. 

* Schoriemmer, Memoirs of the Manchester Philosophical Society^ 
iSzi-2, p. iis^ 



Relations of Isomeric Haloid Derivatives, ^y 

Only two monochloro- (bromo- and iodo-) derivatives of 
propane are known, but a far greater number of mono- 
haloid derivatives of the homologous paraffins are obtain- 
able : thus, for example, four isomeric moniodotetranes are 
known. In the case of all such isomeric derivatives, how- 
ever, the relations are of precisely the same character as 
above indicated for the a- and /J-derivatives : the com- 
pounds of highest and lowest boiling-point in each isomeric 
series possess respectively the highest and lowest specific 
gravity, the boiling-points and specific gravities of the inter- 
mediate compounds being similarly related. But it is a 
most noteworthy circumstance, illustrating clearly the corre- 
lation which undoubtedly exists between the physical and 
chemical properties of compounds, that as the boiling-point 
and specific gravity of the successive terms in the isomeric 
series fall, so does the stability appear to diminish, for 
whereas the members of lowest boiling-point are split up 
with comparative ease (even by a moderate degree of heat 
alone in some cases) into the olefine and haloid acid, thus : 

CnH2n + lI = CnH2n + HI, 

those of highest boiling-point (the a-derivatives) undergo 
this decomposition far less readily ; and apparently also in 
reactions of double decomposition the haloid derivatives of 
high boiling-point enter into reaction less readily than their 
isomerides of lower boiling-point : a higher temperature, or 
more prolonged contact between the substances, being 
usually required to effect the chemical change. 

In the following several of the more important haloid deri- 
vatives of the paraffin methane are specially described : — 

Monochloromethane {Methylic Chloride\ CH3CI. — This 
compound is the first product of the action of chlorine on 
methane in diffiised light, but it is best prepared by saturat- 
ing well-cooled methylic alcohol (CH3.OH) with hydrochloric 
acid gas \ on gently heating the product chlQroT3aft.\3aas^& S& 
evolved as a coJourJess gas. 
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Dichloromdhane {Methylene Chloride), CH2CI,. — ^This is the 
first product of the action of chlorine in sunshine on mono- 
chloromethane. It is a colourless liquid of sp. gr. 1*36, 
boiling at 40°-42°. 

Trichloromethane (Chloroform)^ CHCls- — Though it maybe 
obtained by the action of chlorine on methane, chloroform 
is never prepared on the large scale by that method, but by 
the action of the so-called bleaching powder (chloride of 
lime) on alcohol. 

Preparation. — About 80 lbs. of the strongest chloride of 
lime are introduced, together with about 8 lbs. of slaked lime 
and 7.2 gallons of water, at a temperature of 8o°-9o®, into a 
wooden cask or large leaden vessel; the whole having been 
thoroughly mixed, 2 lbs. of alcohol are poured in. The heat 
evolved in the reaction is usually sufficient to cause the chloro- 
form to distil over after a short time, but if not, a ciurent of 
steam is passed into the vessel. The precise reaction which 
occurs in this process is not known. 

Chloroform is also obtained by the action of alkalies on 
chloral and several other highly-chlorinated compounds : 

C2HCI3O + NaOH = CHCI3 + CHNaOa. 

Chloral Chloroform. Sodic formate. 

It is a colourless, mobile liquid, of peculiarly sweet taste 
and smell; sp. gr. 1*5; boiling-point 62°. It is largely 
employed as an anaesthetic, but is also a very valuable 
solvent. When heated with concentrated nitric acid for 
some time at 100° it is converted into chloropii^rin (nitro- 
trichloromethane) C(N02)Cl3 : 

CHCI3 + HNO3 = C(N02)Cl3 -f OH2. 

Chloropicrin is also a constant product of the action of 
bleaching powder on organic nitro-compounds, and is most 
readily obtained by distilling trinitrophenol with that sub- 
stance and water. It is a colourless, mobile, heavy liquid 
(sp. gr. 1*66), which boils at 112®. It has a most powerful 
snd irritating odour, mere traces of its vapour exciting a 
copious fio w of tears. 
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Triiodomethane {Iodoform)^ CHI3, is a product of the action 
of iodine, in presence of potassic hydrate, on various organic 
substances, such as alcohol, acetone, sugar, &c. It crystal- 
lises in pale yellow six-sided plates, easily soluble in alcohol. 

Tetrachloromethane (Carbonic Tetrachloride)^ CCI4. — This 
body may be obtained by the action of chlorine in 
sunlight on chloroform, but it is most easily prepared by 
passing a current of dry chlorine into gently-heated carbonic 
disulphide, to which a small quantity of iodine or antimonic 
pentachloride has previously been added : 

CS2 + 3CI2 = S2CI2 + CCI4. 

It is a colourless, heavy, mobile liquid, much resembling 
chloroform, and, like it, possesses anaesthetic properties ; 
sp. gr. 1*6 ; boiling-point 78°. By the action of nascent 
hydrogen (from sodium amalgam and water), tetrachloro- 
methane may successively be reduced to tri-, di-, and mono- 
chloromethane, and finally to methane itself. 

Tetrabromomethane^ CBr4, is formed on heating tri- 
iodomethane with an excess of bromine at about j 80° ; 
it crystallises in shining plates melting at 91°. 

Tetriodomethane, CI4, is formed by the action of aluminic 
iodide on tetrachloromethane ; it crystallises in regular octo- 
hedronsr 

NITRO-DERIVATIVES OF THE PARAFFINS. 

These derivatives cannot be obtained by the direct action 
of nitric acid on the lower paraffins, but are readily pre- 
pared by the action of their moniodo-derivatives on argen- 
tic nitrite. It is said, however, that the higher terms of the 
series are acted upon by nitric acid, and converted into 
nitro-derivatives, octane, for example, yielding nitro-odane, 
C8Hi7(N02), but this requires confirmation. 

Nitromethane^ CH3(N02). — lodomethane (methyhc iodide) 
^reacts with great violence on argentic nitrite, and is en- 
tirely converted into nitromethane : 

CH^l -t AgNOa = Agl -\- CU^^O v 
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Nitromethane is also obtained by the action of potassic 
nitrite on monochloracetic acid. In this case, probably, a 
mononitroacetic acid is first formed, but at once decomposed 
into carbonic anhydride and nitromethane : 

'CHaCLCOaH + KNOa = KCl + CH2(N02).C02H ; 

CH2(N02).C02H = CO2 + CH3NO2. 

Nitromethane is a heavy, oily liquid of peculiar odour, 
which boils at 99® \ the metameric compound, methylic 
nitrite,* boils at —12®. If mixed with an alcoholic solution 
of sodic hydrate, it is converted into a white crystalline 
sodium-derivative of the formula CHsNaNOa- Chlorine 
has no action on it even in bright sunlight, but if distilled 
with chloride of lime it is converted into ckloronitromethane, 
CH2CINO2, a heavy liquid, closely resembling chloropicrin 
in odour. NitroethanCy C2H5NO2, is obtained by the action 
of iodethane (ethylic iodide) on argentic nitrite, but at the 
same time a quantity of the metameric ethylic nitrite (b.p. 
16°) is produced. It is a colourless, highly-refractive liquid, 
insoluble in water, boiling at iii°-ii3°. By the action of 
sodium, or of an alcoholic solution of sodic hydrate, it is 
converted into C2H4NaN02. 

By the action of nascent hydrogen nitroethane is con- 
verted into amidoethaue (ethylamine) : 

C2H5NO2 4- 3H2 = C2H5NH2 + 2OH2, 
identical with the product of the action of ammonia on 
iodethane : 

C2H5I -f NH3 = HIH- C2H5NH2. 

Nitro-derivatives of several of the higher paraffins have 
been obtained by similar means. 

CYANO-DERIVATIVES OF THE PARAFFINS. 

When iodethane and potassic cyanide are heated together, 
double decomposition occurs (CjHgl + KCN = Kl -h 
QHj.CN), but the product is a mixture of two liquid sub- 

' Obtained by the action of mtrous acid on iQfi\>x^\v: ^IcohoU 
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stances of like composition, possessing totally distinct pro- 
perties, however ; the one of which has a slight alliaceous 
odour and boils at 96*5°, whilst the other has a most 
intolerable odour and boils at 78^-79°. 

A similar result is obtained when argentic cyanide is 
employed, but the product then consists in the main of the 
compound of lower boiling-point : in the i&rst place, a double 
compound of argentic cyanide with the cyano-derivative is 
formed, thus : 

QHsI -h 2AgCN = Agl + C,H5(CN),AgCN, 

from which the latter may be liberated by distillation with a 
strong aqueous solution of potassic cyanide : 

C,H5(CN),AgCN H- KCN = CHg-CN + KCN,AgCN. 

Also by distilling a dry mixture of potassic cyanide (or ferro- 
cyanide) with potassic ethylic sulphate (potassic sulpho- 
vinate) a mixed product is obtained, but in this case the 
derivative of higher boiling-point constitutes the major 
portion : 

C,H5.KS04 -f KCN = C,Hfi.CN + Y.^0^. 

Again, it will be remembered that when trichloromethane 
acts upon ammonia in presence of potassic hydrate (p. 60), 
hydrocyanic acid is formed ; if, in place of ammonia, a 
primary amine {t.e, a compound derived from ammonia by 
the replacement of H by a monad radicle) of the 
CnHjn + i.HjN series be taken, a compound is obtained 
bearing to hydrocyanic acid the same relation that the 
amine bears to ammonia. Thus, in the case of ethylamine 
(amidoethane) the following reaction occurs : 

C,H5.H,N -f CHCI3 + 3KHO=QH5.CN + 3KCI -I- 3OH,. 

The product of this reaction consists wholly of the cyan- 
ethane of lower boiling-point. 

Finally, the cyanethane of higher boiling-point may be 
obtained in the pure state by distSlativoii ol ^ik'^ ^cA^sssA^ 
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of propionic acid (propionamide) with phosphoric anhy- 
dride : 

C,H5.C0(NH,) - OH, = CHfi.CN. 

All these methods may be generalised, and thus a homo- 
logous series of compounds produced bearing to methane 
and its homologues the same relations that the two cyano- 
derivatives of ethane bear to ethane. The derivatives of 
higher boiling-point are usually termed alcoholic cyanides 
or nitriles : thus, ethylic cyanide is also called propionitrile, 
in allusion to its formation from propionic acid ; those of 
lower boiling-point are known as alcoholic isocyanides or 
carbamines, on account of their relation to the amines. 

The nitriles are ultimately converted on heating with 
water into the acid of the acetic series containing the same 
number of units of carbon and ammonia, thus : 

CnH^ ^ i.CN + 2OH, =X,H^ + i.CO,H + NH3. 

An intermediate product may be obtained, however, viz., 
the acid amide containing the same number of imits of 
carbon : 

CnH^ + i.CN + OH, = CH,, ^ i.CO(NH,)- 

The decomposition is greatly facilitated by the addition 
either of a mineral acid (HCl or HJ5SO4), or of an alkali. 

The carbamines are converted by the action of water into 
formic acid and an amine containing one unit of carbon less 
than the carbamine : 

C„H,n + i.NC + 2OH, = HCO,H + C^H,„ ^ i.H,N. 

This reaction takes place slowly when pure water, or an 
alkaline solution, is employed, but is very rapidly effected 
in presence of a mineral acid. An intermediate product is 
also obtained from the carbamines, viz,, the substituted acid 
amide of formic acid : 

CnH^ ^i.NC + OH, = HCO(,C^H^ ^ vHN). 
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In \irtue of these decompositions, the two classes of 
cyanides are represented by the following rational formulae : 

Nitriles. Carbamines. 

Hence, according to the definition given on p. 29, the two 
series are metameric.^ 

The carbamines possess pungent, nauseous odours, and are 
highly poisonous ; they invariably boil at lower temperatures 
than the nitriles, and their chemical activity is also far 
greater : thus, they combine immediately, with great evolu- 
tion of heat, with the haloid acids and the inorganic oxacids ; 
they combine readily with the moniodo-derivatives of the 
paraffins ; they react most violently with argentic and 
mercuric oxide, and are converted into cyanates (carbi- 
mides) : C^H,^ + ,.NC + HgO = C^H^ + i-NCO + Hg. The 
nitriles, on the other hand, apparently are not poisonous, 
and their odours are not unpleasant ; they unite far less 
readily than the carbamines with the haloid acids, and not 
at all with the inorganic oxacids or moniodo-paraffins ; and 
they are not oxidised on treatment with AgjO or HgO. 
The carbamines undergo change when heated in closed 
vessels above their boiling-points, but the nature of the 
products has not yet been satisfactorily ascertained ; there 
is little doubt, however, that a portion of the carbamine is 
converted into the corresponding nitrile. 

CnHgn OR OLEFINE SERIES OF HYDROCARBONS. 

The same general relations exist among the members 
of this series as among the paraffins. The chemical be-; 

* Each of these metameric series, however, includes isomerides ; 
thus, for example, the a-cyanopropane (a-propionitrile) and o-isocyano- 
propane (a-propylic carbamine) obtained by the agency of o-iodopropatie 
(propylic iodide), C3H7I, are isomeric respectively with the jS-cyano- 
propane and jS-isocyanopropane yielded by 3-\odo^xo^^xv^ ^'aor^x^Yi^^ 
iodide). 
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haviour of the first member of the series, ethylene, CgH^, 
has alone been studied with any considerable degree of 
thoroughness. The following olefines have been obtained : — 
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Gtnerai Mdkods of Preparaiion. — i. By the action of 
potassic hydrate in aqueous or alcoholic solution on the 
mono-haloid derivatives of the paralHns, e.g. : 

C„Hi„^ ,1 + KHO = C„Hj„ + KI + OHj. 

2. By the abstraction of the elements of water from the 
monohydric alcohols of the CnHsn+j.OH series of alcohols, 
by the action of sulphuric acid, phosphoric anhydride, or 
zincic chloride : 

C„Ha„,,.OH = C„Hj„ + OHa. 

3. By the electrolysis of the acids of the CnHia(COaH)j 
series: 

C„Hita{COaH)a = C^H^ + aCOj + H^. 

4. By the acdon of sodium on a mixture of a moniodo- 
paraffin with a moniodoolefine : 

C„Hj„ ^ ,1 + C,H». . ,1 + Naj = zNal + Cj^H^n. 

5. By the acdon of the sodium organo -metallic cora- 
potmds of the CnH,„ ,, |Na series on the moniodo-paraffins ; 



General Reactions of Olefines. 95 

6. By the action of heat on the organic analogues of 
amnionic hydrate, of the general formula N(CnH2n+ i)4.0H: 

N(C„H2n+ i)4.0H = N(C,H2„^i)3 4- QHan + OHj ; 

and in many cases of destructive distillation. 

General Reactions, — i. The olefines unite directly with 
the haloid acids (most readily with hydriodic acid), forming 
mono-haloid substitution-derivatives of the paraffins, e.g. : 

2. All olefines combine directly with chlorine and 
bromine, some with iodine ; and also with iodine and bro- 
mine chlorides, ICl and BrCl, and give rise to the forma- 
tion of di-haloid substitution derivatives of the paraffins, 
e.g. : 

CnH2n + CI2 = CnH2nCl2 \ CnH2n + Br2 =S CjaH2nBr2. 

These di-derivatives may be converted into mono-haloid 
substitution-derivatives of the olefines by the action of an 
alcoholic solution of potassic hydrate, thus : 

CnHanCla + KHO = C«H2„_,C1 + KCl -f OHj. 

The mono-substituted olefines so produced combine 
directly with chlorine or bromine to form trichlorinated, 
or tribrominated paraffins, from which dichlorinated, or 
dibrominated olefines may be obtained by treatment with 
potassic hydrate, e.g. : 

CnH2n_lCl -f- CI2 ^ CnH2n_ld3. 

CnH2n-lCl3 + KHO = C,H2,.2Cl2 + KCl -h OH2. 

By repeating these two operations olefines may be pro- 
duced in which the whole of the hydrogen is replaced by 
chlorine or bromine ; these compounds also combine directly 
with chlorine or bromine, forming * per-substituted ' paraf- 
fins. In this manner, for example, the foWowviv.^ ^-ecvsii. ^S. 
\y[OT[ana,ted derivatives have been obtamed feoTa^'^^^sx^fc *. — 
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p:thylene C2H4 

Bromethylene C2H3Br 

Dibromethylene C2H2Bra 

Tribromethylene C2HBr3 

Tetrabromethylene C2Br4 

Ethylene dibromide (a-Dibromethane) . . C2H4Br2 

Bromethylene dibromide (a-Tribromethane) . C2H3Br3 

Dibromethylene dibromide (a-Tetrabromethane) . C2H2Br4 
Tribromethylene dibromide (Pentabromethane) . C2HBr5 
Tetrabromethylene dibromide (Hexabromethane) C2Br6 

3. The olefines combine with hypochlorous acid, forming 
monochlorinated monohydric alcohols, convertible into the 
corresponding alcohols by the action of nascent hydrogen : 

QH2n + ClOH = QHanCLOH 
C„H2nC1.0H + H2 = C„H2„^.i.0H + HCl. 

4. The olefines also miite directly with sulphuric acid to 
form * acid ethereal salts * ; these are converted, on distilla- 
tion with water, into sulphuric acid and the monohydric 
alcohol containing the same number of unit-weights of car- 
bon as the define : 

CnH2n + SO4H2 ^ S04H.CnH2n + I 
S04H.CnH2n+l + OH2 ^ SO4H2 + CnH2n + l-OH. 

The olefines do not combine directly with nascent hydro- 
gen under ordinary conditions to reproduce the correspond- 
ing paraffins, but by heating ethylene iodide (diiodethane) 
with water in hermetically closed tubes for some hours at 
275°, it is partially converted into ethane. The formation 
of ethane is in this case due to the action of the hydrogen 
set free by the decomposition of a portion of the diiode- 
thane, on the remaining portion of the latter, as expressed 
by the following equations : — 

a. C2H4I2 4- 4OH2 = 6H2 + 2CO2 + I2; 

^. C2H4 12 4- H2 = C2H5 4- l2« i 

ora -h A 7C2H4I2 + 4OH2 = 6C^'fts ^t- 'iCO.i -V nW 
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Ethylene \Ethene\ C2H4. — Preparation, — i. By the 
action of nascent hydrogen on acetylene : 

C2H2 + H2 ^ C2H4. 

Acetylene is the only hydrocarbon which can be obtained 
by the direct union of its elements ; and since ethylene may 
be readily converted into ordinary alcohol (see 4th general 
reaction), peculiar interest attaches to this mode of formation 
of ethylene, as it is thus possible, by a connected series of 
simple reactions, to build up alcohol from its constituent 
elements, carbon, hydrogen, and oxygen. 

2. Ethylene may be obtained by all of the above general 
methods, but is best prepared by the action of sulphuric 
acid on alcohol at a temperature of about 165° : — 

A mixture of three parts of water and ten parts of concen- 
trated sulphuric acid is heated in a flask to about 1 60°- 165° ; 
ordinary alcohol is then slowly dropped in, and the evolved gas 
passed through wash-bottles containing respectively sodic hy- 
drate solution and concentrated sulphuric acid ; in the first it 
is freed from carbonic and sulphurous anhydrides, in the second 
from ether, alcohol, and water vapour carried over mechanically. 

The first reaction in this process consists in the formation 
of hydric ethylic sulphate {sulpkovinic acid), as expressed by 
the equation : 

C2H5.OH -f SO4H2 = SO4H.C2H5 4- OH2; 

but at the temperature to which the mixture is heated this 
is a highly unstable compound, and is rapidly resolved into 
ethylene and sulphuric acid : 

SO4H.C2H5 ^ SO4H2 + C2H4. 

If the temperature be so adjusted that the amount of 
water distilling over with the gas is about equal to the 
amount of water formed in the reaction, a relatively small 
quantity of acid suffices to convert a vet^ c«tksv^<5xais^^ 
quantity of alcohol into ethylene and 'walw. 

H 
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Properties, — Ethylene is a coloiuiess, odourless gas, but 
is condensable, under the combined influence of pressure 
and extreme cold, to a liquid. It is almost insoluble in 
water. It bums with a bright white flame. Ethylene is 
decomposed into carbon and methane by passing through a 
red-hot tube: C2H4 = CH4 + C; at a somewhat lower tern- 
peratiure, acetylene (C2H2) and hydrogen are the products. 
a-DiehJorethofte (Ethylene ChUride;I>tach Liquid),C^liS:\^. 
Ethylene and chlorine combine directly and with moderate 
rapidity in diffused daylight in the proportion of equal 
volumes. If the mixture be exposed to bright sunlight, 
substitution-derivatives of a-dichlorethane are also produced. 
Ethylene chloride is a colourless liquid of agreeable ethereal 
odour; sp. gr. 1*256 at 12°. It boils at 84° and is isomeric 
with the /3-dichlorethane obtained by the action of chlorine 
on monochlorethane (ethylic chloride) ; this modification, 
which is commonly known as ethylidene chloride, boils at 
60**; its sp. gr. is 1*174 at 17°. Both, however, yield the 
same monochlorethylene (vinylic chloride), C2H3CI, on 
treatment with an alcoholic solution of potassic hydrate. 
Monochlorethylene is gaseous at ordinary temperatures, but 
may be condensed to a liquid, which boils at — 18° ; it com- 
bines with chlorine forming a-trichlorethane. 

The mono- and di-derivative obtained by the action of 
chlorine on ethylene chloride are respectively isomeric 
with the mono- and di-chlorinated derivative of ethylidene 
chloride, but identical penta- and hexa-chlorethanes are 
obtained from ethylene and ethylidene chlorides. The 
following list comprises the known chlorinated derivatives 
of ethane: — 

Monochlorethane (Ethylic chloride). 
Cxi3.Cxl.2Cl 
B.P. 12*5®. 

a-Dichlorethane ^-Dichlorethane 

(Ethylene chloride). (Ethylidene chloride). 

c7.rz^Ci.CJFJ2C* Cr\.^»Cri.Cl^ 

Ai> 84''; s.G. 1-256 at 12°. B.p. srs"" \ ^'^- v\i^^\. ^•\^, 
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a-Trichlorethane ^-Trichlorethane. 

CHjClCHCl, CH3.CCI3 

B.P. 115° ; S.G. 1*422 at 17°. B.P. 75** ; S.G. 1*372 at 0°. 

a-Tetrachlorethane. /3-TetrachIorethane. 

CHCl^CHCl, CHjCLCCla 

B.P. 147°; S.G. 1*614 at 0°. B.P. 127-5° \ S.G.? 

Fentachlorethane. Hexachlorethane. 

CHCI2.CCI3 CCI3.CCI8 

B,p. 158°. Melts at 226°; B.p. 331°. 

a-Dihromethane (Ethylene Bromide)^ C2H4Br2. — On pass- 
ing ethylene into liquid bromine it is at once absorbed, with 
considerable evolution of heat. Pure a-dibromethane thus 
prepared is a colourless liquid of ethereal odour, boiling 
at 1 29® ; treatment with an alcoholic solution of potassic 
hydrate converts it into bromethylene, C2H3Br, which is 
gaseous at ordinary temperatures, but is readily condensed by 
a refrigerating mixture of ice and salt to a colourless liquid. 
^Dibroniethane {Ethylidene Bromide)^ which boils at i io°- 
112°, is obtained by heating monobromethane with bromine, 
or by treatment of aldehyde with phosphorus pentabromide : 

CH3.COH + PBrs = CHa.CHBr, + POBrg. 

Both monochlor- and monobrom-ethylene undergo a re- 
markable spontaneous change when preserved in the liquid 
state, and are converted into white, solid, amorphous poly- 
merides. 

Diiodeihane (Ethylene Iodide)^ Cfi.^^ is obtained on 
passing ethylene into a pasty mixture of iodine with absolute 
alcohol It is a white crystalline substance. 

Propylene (ProJ>ene\ CsHg, may be obtained by the 
action of an alcoholic solution of potassic hydrate on iso- 
propylic iodide (/3-iodopropane), or by distilling isopropylic 
alcohol with zinc chloride ; it is best prepared by the action 
of nascent hydrogen on allylic iodide, C^Hp^I. '5\^'^'fi^^'^Ss» 
a gas Vike ethylene, 

H2 
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Ethylene is represented by the formula H2Cz:CH2> 
and all the homologous hydrocarbons may be regarded 
as derived from it by the substitution of hydrocarbon 
radicles of the form CnH2n+i for one or more of its hy- 
drogen atoms. Thus, propylene, C3H6, is methylethylene 
H2CZCH.CH3, and only one methylethylene is possible ; 
but butylene may exist in three isomeric modifications, viz. : 

1. Ethylethylene . . HaC—CH.CaHg. 

2. a-Dimethylethylene . CH3.HCzCH.CH3. 

3. /3-Dimethylethylene . HaCir C(CH3)2. 

These are all known, i. being obtained from normal primary 
butylic iodide, CH3.CH2.CH2.CH2I; 2. from secondary 
butylic iodide, CH3.CH2.CHI.CH3 ; and 3. from both iso- 
primary and tertiary butylic iodides, (CH3)2CH.CH2l and 
C(CH3)3l, by the first general method of preparation. 

Recent investigations appear to have established the fol- 
lowing ' laws ' with regard to the olefines : i. That in their 
formation by the first and second general methods, when the 
halogen of the haloid derivative, or the hydroxyl group of the 
alcohol, is withdrawn together with an atom of hydrogen, the 
negative radicle and the hydrogen thus withdrawn are always 
derived fi:om carbon atoms contiguous in the formula ; it 
will be obvious that this is the case on comparing the formulae 
of the butylic iodides with those of the corresponding buty- 
lenes. 2. That there is a tendency to the production of 
those modifications which contain a maximum number of 
methyl groups ; secondary butylic iodide, for example, yields 
dimethylethylene and not ethylethylene. 3. That whenever 
the olefines combine with other compounds of the general 
form X' Y', X' being the positive and Y' the negative radicle of 
the compound, there is a tendency for the negative radicle 
to combine with that carbon atom which the formula of the 
olefine shows to be least hydrogenised ; thus propylene and 
sulphuric add form isopropylic and not normal propylic 
hydrogen sulphate. 
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CaH2,_2 OR ACETYLENE SERIES OF HYDROCARBONS. 

The following axe members of this group :-r 
Acetylene C2H2 



Allylene 
Crotonylene . 
Valerylene 
Propylacetylene 
Diallyl . 
Rutylene 



C3H4 
C4H6 



Isomeric modifications of several of these are known. 

Preparation. — Two general methods are employed. The 
first of these consists in acting upon a mono-haloid deriva- 
tive of an define with an alcoholic solution of potassic 
hydrate : 

QHan^iBr + KHO = CnH2n-2 + KBr + OH2. 

The second method of preparation is the electrolysis of 
the acids of the CnH2n-2(C02H)2, or maleic series : 

CnH2n _ 2(C02H)2 "=- CnH2n_2 + 2CO2 + ^2* 

General Reactions. — ^The hydrocarbons of the acetyiene > 
series all combine directly with the halogens, and yield with 
bromine, for example, either saturated compounds of the 
form CaH2n_2Br4 (tetra-brominated paraffins), or inter- 
mediate compounds of the form CnH2n_ ^"^^ (di-brominated 
olefines). They also unite directly in two proportions with 
the haloid acids, to form either mono-substituted olefines, 
or di-substituted paraffins, e.g. : 

CnH2n_2 + HBr = CnH2n_iBr ; 

CnH2n_2 + 2HBr = CnH2nBr2. 

Especially characteristic of many of the hydrocarbons of 
this series is the formation of metallic substitution-derivatives ; 
thus if acetylene be passed into an aiMaoxiiajcA ^0^5^<3^ <2k\ 
cuprous chloride, a red-brown piedpYtaX.^, ^i\'^ Vo V^n^ "^^ 
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composition C4H2CU2 + CugO,* is obtained; the corre- 
sponding argentic compound is produced if an ammoniacal 
solution of argentic nitrate be employed All the members 
of the series do not yield such products, however ; thus several 
isomeric allylenes are known (see citraconic acid), one of 
which yields a white crystalline argentic derivative, CsHgAg, 
and corresponding copper and mercury compounds, but the 
others are incapable of furnishing metallic derivatives. These 
derivatives are readily decomposed by hydrochloric acid, 
with re-formation of the hydrocarbon and metallic chloride. 
Acetylene, C2H2. Preparation, — i. The direct formation 
of acetylene from its elements may be eflfected by passing 
hydrogen over intensely-heated carbon. The electric arc 
from a powerful voltaic battery is caused to pass between 
poles of hard carbon arranged in a glass globe, through 
which a current of hydrogen is transmitted, and the issuing 
gas is washed by an ammoniacal solution of cuprous chloride. 
By no other means is it possible to raise the temperature of 
the carbon sufficiently high to effect the combination. 

2. By the action of an alcoholic solution of potassic 
hydrate on bromethylene, C2H3Br. 

3. By the electrolysis of fumaric and maleic acids : 

C2H2(C02H)2 = C2H2 + 2CO2 + H2. 

4. By passing a mixture of methane and carbonic oxide 
through a red-hot tube : CH4 + CO = C2H2 + OH2. 

5. By passing trichloromethane vapour over ignited 
copper : 2CHCI8 H- 6Cu = 3CU2CI2 + C2H2. 

6. By passing induction-sparks through methane ; by the 
action of heat on ethylene, or the vapours of alcohol, ether, 
&c. ; by the incomplete combustion of bodies containing 
carbon and hydrogen ; in fact, acetylene is a constant pro- 

' According to Blochmann (Liebig's Annalen, clxxiii. 176), the 
ccffnpositJon of cuprous acetylide dried over calcic chloride is repre- 
sented by the formula CgH^CuaO, and lYval ol l\i^ tott€s^a^^vtv^?>\lver 
comr^.,r.^ fcj the formula CgHjAgjO. 
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duct of the decomposition by heat, or incomplete combustion, 
of most organic compounds. 

To purify the crude acetylene obtained by any of these 
methods it is passed into an ammoniacal solution of cu- 
prous chloride, whereby the characteristic red precipitate 
of cuprous acetylide is produced ; the liquid containing the 
precipitate is next heated to boiling, in order to decompose 
a derivative which ethylene forms with copper, and the pre- 
cipitate is then collected on a filter, washed, and dried over 
sulphuric acid in vacuo. Cuprous acetylide explodes readily 
by percussion, and also when heated slightly below 100° ; 
on boiling it with hydrochloric acid pure acetylene is evolved. 

Acetylene is a colourless, incondensable gas, moderately 
soluble in water ; it possesses a peculiar, unpleasant, highly 
characteristic odour, and bums with a luminous smoky flame. 

By the action of nascent hydrogen on cuprous acetylide 
ethylene is obtained. For this purpose the acetylide is 
mixed with zinc and dilute ammonia solution, and the 
mixture gently warmed. The hydrogen liberated by the 
action of the zinc on the ammonia, acting upon the copper 
compound, sets free acetylene, which, it may be supposed, 
at the moment of liberation unites with the nascent hydrogen 
to form ethylene. 

Acetylene unites with bromine to form acetylene di- 
bromide (dibromethylene), C2H2Br2, and acetylene tetra- 
bromide (tetrabromethane), C2H2Br4. The action of chlorine 
on acetylene is so violent that explosion with separation of 
carbon usually ensues on mixing the gases ; by the action 
of antimonic pentachloride, however, the two compounds, 
C2H2CI2 (acetylene dichloride,dichlorethylene),and C2H2CI4 
(acetylene tetrachloride, a-tetrachlorethane) are obtained. 

When passed through a red-hot tube, acetylene is partly 
converted into benzene : 3C2H2 = CeHg. At the same time 
a number of higher condensation-products are obtained. 
Similarly, by heating acetylene tetrachloivda \^>Skv ^-a^.^:?- \.^ 
360°, ^exacAlorobefizene is formed. Ixv ^\^ csjs.^^ TgtOcsr^s^ 
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the chloride is first resolved into hydrochloric acid and 
dichloracetylene, which at once undergoes condensation: 

C2H2CI4 = C2CI2 + 2HCI ; 3C2CI2 = CeClfi. 

Acetylene may be regarded as having the constitution 
represented by the formula 

HC=CH. 

Homologous hydrocarbons may be derived from it by sub- 
stituting radicles of the form CnH2n+i for the half or the 
whole of its hydrogen ; but only those represented by the 
general formula HC^C.CnH2n+i are capable of furnishing 
metallic derivatives. Thus the next homologue of acetylene, 
C3H4, exists in two isomeric modifications : one of these, 
known as allylene, is for various reasons represented by the 
formula HC=C.CH3, and is capable of forming metallic 
derivatives; but the other, known as allene, has not this 
property, and in all probability is represented by the formula 
H2CIICZICH2. Again, dtallyl, CgHio, which is obtained 
by acting on allylic iodide with sodium, and therefore does 
not contain the group HC^ in its formula 

2H2Cz:CH.CH2l + 2Na= 

2NaI+H2C=:CH.CH2.CH2.CHz:CHi 

is also incapable of forming metallic derivatives. 

CnH2n-4 SERIES OF HYDROCARBONS. 

Very few members of this series have been produced 
artificially, but it includes the hydrocarbons of the formula 
C10H16, which occur so frequently in various plants. 

Valylene, CsHg, the lowest known term of the series, is 
obtained by acting with an alcoholic solution of potassic 
hydrate on the dibromide of the hydrocarbon valerylene, 
CsHg, derived from amylene, C5H10, from fermentation 
amylic alcohol This amylene, however, is a mixture of 
three, if not four, isomeric hydrocarbotvs, \iM\. coii^\sts prin- 
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cipally of trimethylethylene, (CH3)2Cz:CH.CH3. Valylene 
boils at about 60° ; it combines with bromine, formmg a 
crystalline y^^^d^bromide, CsHgBrg ; and when mixed with an 
ammoniacal solution of cuprous chloride, it yields a precipi- 
tate of the composition (C5H5)2Cu2, from which the hydro- 
carbon is again obtained on treatment with hydrochloric 
acid. This last-mentioned property is an indication that the 
hydrocarbon contains the group HC^ in its formula, and 
supposing that it is derived from trimethylethylene, its forma- 
tion from the dibromide of this define may be represented 
by the following equations : 

<CH3)2CBr . CHBr . CH3 = 2HBr-h(CH3)2C=:ClzCH2; 
(CH3)2Cz:C::zCH2 + Br2 = (CH3)2CBr.CBr=CH2 ; 
CH3.CBr(CH3).CBr— CH2 = 

2HBr + CH2=:C (CH3). C=CH. 

Terpenes and Citrenes. — ^A very large number of plants 
furnish more or less essential oil when their leaves or other 
parts are distilled with water. Usually these essential oils 
consist chiefly of hydrocarbons of the formula C10H16; 
oxidised bodies, such as are represented by the formulae 
CioHjeO, CioHigO, and C10H20O, are also contained in 
most of them, and these are doubtless closely related to the 
hydrocarbons with which they are associated, although the 
nature of the relation is as yet unknown. 

The oils are in some cases extracted by mere pressure, as 
oil of lemons from the rind of the fruit, but more often they 
are obtained, as before said, by distilling the leaves or other 
parts with water, the oil being then carried over mechanically 
and condensed with the steam. Ordinary oil of turpentine 
is obtained from so-called turpentine^ the oleo-resinous 
Juice which exudes from iiicisions made in the stems of 
pines, firs, and other coniferse, by distillation either alone or 
with water; the portion which does not distil constitutes 
ordinary rosin or colophony^ and consists of an o>a.d^s>fc^\i<^^ 
probaW/o/the/bnnuIa €4411^204. T\v^ cy\ ol \xsc^^^x&^^ 
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chiefly used in this country is obtained from the turpentine 
collected in the Southern States of America from Pinus 
australisy P, Tada^ and other conifers. French oil of tur- 
pentine is extracted from the turpentine furnished by the 
Pinus maritima, which is largely cultivated in Southern 
France, in the neighbourhood of Bordeaux. Russian and 
Swedish oil of turpentine are from Pinus sylvestris. 

Most essential oils are colourless when pure — those of 
chamomile and wormseed are said to be blue — ^and usually 
possess a pronounced characteristic odour, which, however, 
is probably due to the oxidised constituent. They mix in 
all proportions with fat oils, and also dissolve in alcohol and 
ether. 

The hydrocarbons of the formula CioHig derived from 
plants may be divided into two classes, viz.: (i) those 
boiling at about 156°, which are conveniently termed terpmesy 
as they are the chief constituents of the ordinary turpentine 
oils ; and (2) those boiling at about 176°-! 78°, which may 
be termed citrmes, as they are the chief constituerits of the 
oils derived from the various species of Citrus, The- ter- 
penes and citrenes are all capable of deviating, or, as it is 
termed, rotating the plane of polarisation of a ray of light, 
but no two plants furnish terpenes or citrenes of identical 
rotatory power, and often different parts of the same plant 
yield different products ; the different terpenes appear, how- 
ever, to agree in all other physical properties and also in 
their chemical properties, and the same is true . of the 
different citrenes. It is probable that the number of isomerides 
of the formula CioHie is very much smaller than has been 
supposed, and that the differences observed in the rotatory 
powers of the hydrocarbons from various sources are due to 
their being mixtures in varying proportions of two or more 
isomerides. 

The terpenes undergo isomeric change with remarkable 

facility, and apparently very few, if any, of the compounds 

which they furnish are directly demed itom ^em. Twej 
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readily combine with hydrochloric acid, but the nature of 
the product depends on the conditions observed. If satu- 
rated with the gas, they are almost entirely converted into a 
solid crystalline monohydrochloride^ C10H17CI, the mono- 
hydrochlorides obtained from the diflferent terpenes being 
distinguishable only by their behaviour in polarised light. 
But if placed in contact with the aqueous acid, or if dissolved 
in alcohol and then submitted to the action of the gas, they 

3rielda ctystdline optically inactive ^/>^^^n?ri^<7rw5f, CioHigCl2. 
The citrenes apparently do not under any circumstances 
form a solid monohydrochloride, but are at once converted 
into dihydrochloride when saturated with the gas. With 
one exception, they all furnish the same dihydrochloride, 
which moreover is not distinguishable from that prepared 
from the terpenes ; the exception referred to is sylvestrene, 
one of the constituents of the oil of tiupentine from Pinus 
sylvestrisj which yields a dihydrochloride melting at 72°, 
whereas that prepared from all other citrenes and terpenes 
melts at about 50*^. 

Bromine acts with great violence on the terpenes and 
citrenes, much heat being developed by the union of the 
two bodies. If they are carefully brought together with 
bromine at a low temperature, they form tetrabromides of 
the formula CioHi6Br4, but they cannot be united with a 
larger proportion of this halogen. Their dibromides readily 
decompose on distillation, with evolution of hydrobromic 
add and production of cymene or paramdhylpropylbmzene, 
CioHi4=C6H4(CH3)(C3H7)* ; the different hydrocarbons, 
however, yield very different amounts of cymene, a much 
larger quantity being formed by the decomposition of the 
citrene dibromides than is obtained by the decomposition of 
the terpene dibromides ; the dibromide of the citrene which 
is the chief constituent of oil of orange yields as much as 
80 per cent of cymene. Many essential oils contain small 
quantities of cymene. 

When left for some time in conlacXm\\\ axi. Acjc}cvs^c.^^5^:«5c^^ 
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• • 
of nitric, hydrochloric or sulphuric acid, the terpenes assimi- 
late the elements of water and form a crystalline optically 
inactive compound of the formula C10H30O2+OH2, com- 
monly known as terpin^ but which is more appropriately 
termed terpilenol, as it belongs to the class of compounds 
known as alcohols, its rational formula being CioHi8(OH)j. 
Terpilenol has also been obtained from some of the citrenes, 
the citrene from lemon oil being very readily converted into 
it. When submitted to the action of hydrochloric acid, 
terpilenol yields a dihydrochloride identical with that ob- 
tained by combining the terpenes and citrenes with hydro- 
chloric acid 

The terpenes and citrenes are very readily oxidised, and 
apparently all yield the same products. If a mixture 01 
potassic dichromate and sulphuric acid is employed as oxi- 
dising agent, diaterpenylic acid^ a dibasic acid of the formula 
C8H14O5, is produced, but this acid at once breaks up into 
water and terpmylic acidy C8H12O4. If nitric acid is used, 
diaterebic add, (CH3)2CH . CH(OH) . CH(C00H)2, is 
formed, which also breaks up in a similar manner into water 
and terebtc acid, C7H10O4. On exposure to moist air they 
slowly absorb oxygen, and assume the character of resins ] 
their oxidation under these circumstances is attended with 
the production of hydric peroxide in small quantity. 

Terpilene, — The dihydrochloride C10H18CI2, prepared 
from the terpenes and citrenes, is a compound of low sta- 
bility, and on mere distillation breaks up into hydrochloric 
acid and terpilene, which is also a hydrocarbon of the formula 
CioHig. Terpilene is also obtained by warming terpilenol 
with a mixture of equal volumes of sulphuric acid and water, 
It boils at the same temperature as the citrenes, and forms 
the same dihydrochloride, but it is optically inactive, and 
on exposure to moist air absorbs oxygen much more rapidly 
.than the natural terpenes or citrenes. 

Js^rene^ C^^, a hydrocarbon of the acetylene series 
obtained by distilling caoutchouc, and V)cvt N^<5xfieafe ^\^- 
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pared from crade amylene (p. 104), are polymerised when 
heated in closed vessels for several hours at about 250*^- 
260°, and among other products they yield a hydrocarbon 
which appears to be identical with terpilene. 

Camphenes. — The solid monohydrochlorides prepared from 
the terpenes are bodies of considerable stability, being 
scarcely altered by distillation or by heating with water at 
100° ; but by prolonged heating with an alcoholic solution 
of potassic hydrate at about 1 80°, they are decomposed in 
accordance with the equation : 

C,oHi7Cl+KOH=CioHi6+KCl+OH2. 

The camphenes, as the hydrocarbons thus produced are 
termed, possess very different properties from those of the 
parent terpenes. They are solid crystalline bodies, and form 
only monohydrochlorides whatever the conditions under 
which they are submitted to the action of hydrochloric acid ; 
these monohydrochlorides moreover are very readily decom- 
posed, even by heating with water at 100°, camphene being 
regenerated. On oxidation with potassic dichromate and 
sulphuric acid, the camphenes are converted into camphor, 
CioHjeO. The camphenes prepared in the manner described 
are optically active, those obtained from dextrorotatory 
hydrochlorides being dextrorotatory, and those from laevo- 
rotatory hydrochlorides Isevorotatory. 

If the terpenes are treated with concentrated sulphuric 
acid, much heat is developed, and their optical activity is 
gradually destroyed. The optically inactive product finally 
obtained is a mixture of inactive camphene, terpilene, and 
cymene with hydrocarbons poljoneric with the terpene. 
The citrenes appear only to yield terpilene, cymene, and 
polymeric hydrocarbons when similarly treated. 

At present we are totally ignorant of the rational formulae 
of the terpenes and citrenes. It has been suggested that 
they are dihydrides of c)rmene, since this hydrocaxh^Ts. >s. 
obtained by the decomposition of l\\dT ^totoTav!^<^^%\s^'2^ 
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large number of facts, and especially their behaviour on 
oxidation, entirely negative this hypothesis. 

Oxidised constituents of Essential Oils, Camphors, — As 
already remarked, the nature of the relation in which these 
compounds stand to the hydrocarbons with which they are 
associated is unknown ; a brief reference to one or two of 
the more important will therefore suffice. 

The best known representative of the CioHjeO group is 
ordinary camphor ^ a crystalline body obtained from Laurus 
camphora and certain other plants, in which it exists ready 
formed. This camphor is dextrorotatory. A second modi- 
fication which has a precisely equal action, but in the 
opposite direction, on the polarised ray, is present in the oil 
of feverfew {Matricaria parthenium) \ and the oils of lavender, 
rosemary and sage are said to contain an optically inactive 
camphor. Only laurel camphor has been investigated, how- 
ever. As before stated, camphor may be artificially prepared 
by oxidising the camphenes \ the camphor thus produced is 
dextro- or laevo-rotatory or inactive according as the camphene 
is dextro- or laevo-rotatory or inactive. 

When submitted to the action of pentachloride of phos- 
phorus, camphor exchanges its oxygen for chlorine : 

CioHi60 + PCl5=C,oHi6Cl2 + POCl3-f2HCl. 

The compound C10HJ6CI2 decomposes on distillation into 
cymene, C10H14, and hydrochloric acid; by the action of 
sodium it may be deprived only of its chlorine and con- 
verted into camphene, CioHje, closely resembling if not 
identical with that obtained from the terpene monohydro- 
chlorides. 

Camphor yields a variety of products on oxidation with 

nitric acid, chief among which is camphoric acid, a dibasic 

acid of the formula C8Hi4(COOH)2. The camphoric acid 

obtained by oxidising artificially prepared camphor has a 

higher melting point (203°) than that produced from natural 

camphor (iS'j^). When oxidised by "boWm^m^ii ^ Takture 
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of potassic dichromate and sulphuric add, camphor yields a 
small quantity of adipic add^ C4H8(COOH)2, one of the 
acids of the succinic series. 

CampkoL — ^The most important member of the CioHigO 
group is camphol or bomeol^ a crystalline substance found in 
cavities in the bark of Dryobalanops Campkora, a, tree indi- 
genous to Borneo and Sumatra. On oxidation with nitric 
acid, it is converted into camphor identical in all respects 
with natural camphor. When acted upon by hydrochloric 
acid or phosphoric pentachloride, it pelds the compound 
CioHiyCl. These reactions show that camphol is an 
alcohol of the formula QoHiy.OH. 

If a solution of camphor in toluene is heated with sodium, 
sodium camphor, CioHisNaO, is produced ; the hydrogen 
displaced by the sodium is not evolved, however, but acts 
on a portion of the camphor, converting it into camphol. 

The formulae of camphenes and camphor are not yet 
satisfactorily established, but the following may be pro- 
visionally suggested as not improbable : 



A. 



CIl3.rlC Cri.Cri CHg.IlC CH.CHv 

I I II i I i >o 

H,C CH.CH H-C CH.CH'^ 

V V 

Camphene. Camphor. 

CnHgn-* OR BENZENE SERIES OF HYDROCARBONS. 

These hydrocarbons differ greatly in chemical behaviour 
from the series previously considered : whereas the mem- 
bers of the CnHto CnHfe-f and CnH^-i series all tend, 
as has been shown, to form additive compounds, and are 
not directly convertible into substitution-derivatives, the 
members of the benzene series comport themselves in 
the majority of cases as saturated hydrocarbons, and 
as a rule yield substitution-dematiN^^>^<SL<8L\>L\N^ ccs«ss^<^n«s.^ 
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being formed from them only imder certain peculiar con- 
ditions. They are, moreover, characterised by their extreme 
stability, and by the multitude of well-marked substitution- 
derivatives to which they give rise. They are often termed 
aromatic hydrocarbons, on account of the aromatic odour 
which some of their derivatives — benzoic acid, for example — 
possess. The series has been particularly well investigated, 
and is especially interesting to the chemist, owing to the 
numerous instances of isomerism which it affords. 

The hydrocarbons of the benzene series occur, in small 
quantity, in petroleum oil, together with the paraffins; but the 
chief source from which they are obtained is coal-tar oil, one 
of the products of the destructive distillation of coal as 
practised in the manufacture of coal gas. The majority 
have been obtained by synthetic processes. 

Hitherto no member of the group has been obtained from 
the corresponding paraffin by a purely chemical and con- 
nected series of reactions, in the same manner that olefines 
or members of the acetylene series have been obtained 
from the corresponding paraffins, so that we are unable at 
present to judge whetiier a hydrocarbon, by composition 
a member of the CnH2n_6 series, thus produced, would 
possess the peculiar properties characteristic of the series 
exhibited by the members already known. 

No hydrocarbon of the series containing less than six 
unit-weights of carbon has hitherto been discovered. In 
fact, the first member, benzene^ CeHg, is to the aromatic 
series what methane is to the paraffin series, and we may, 
therefore, conveniently regard the homologues of benzene 
as derived from it by the substitution of hydrogen by 
CaHgn+i groups, just as the higher paraffins are regarded as 
formed from methane by the introduction of radicles of the 
CnH2n+i series in place of hydrogen. The system of rational 
nomenclature adopted in the series is throughout in ac- 
cordance with this view : thus, toluene^ the first homologue 
of benzene, is termed methyl-benzene,\>^cau'5^\\.\^Oa\a5ea&d 
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by the action of sodium on a mixture of bromobenzene with 
iodomethane (methylic iodide) : 

CeHfiBr + CH3I + 2Na = CgHs.CHa + NaBr + Nal. 

The next homologue, xylme^ of which several modifications 
exist, is termed ethylbenzene when prepared by the action 
of sodium on bromobenzene and iodethane (ethyHc iodide) : 

CfiHsBr + CjHJ + 2Na = C6H5.C2H5 + NaBr + Nal ; 

and dimethylbenzene when formed by treating dibromo- 
benzene and iodomethane with sodium : 

C6H4Br2 + 2CH3I +4Na = C6H4(CH3)2H-2NaBr + 2NaI. 

As a matter of fact, no isomerides of toluene, the mono- 
methyl-derivative of benzene, have been discovered. Similarly, 
only one ethylbenzene is known, but no less than three iso- 
meric modifications of dimethylbenzene have been obtained. 
In the present state of our knowledge, we are therefore 
led to assume that isomerism may exist in this series: — 
I. Between compounds which may be regarded as containing 
the same groups, as in the case of the three isomeric dimethyl- 
benzenes; 2. between compounds containing isomeric modi- 
fications of the same group, as between propyl- and isopropyl- 
benzene ; and 3. between compounds into whose constitution 
different groups may be assumed to enter, as examples of 
which ethylbenzene and dimethylbenzene may be cited. 
Strictly speaking, according to the definition given on page 
29, the compounds included in this third division are meta- 
meric, and not isomeric. 

Conformably to this view, the nature of the hydrocarbons 
of the series may be inferred in two ways : — i. By preparing 
them synthetically ; 2. by noting their behaviour on oxida- 
tion. 

The following is a list of most of the known hydrocaxbkC:i\^s* 
of the CxiHaa^e series, together mlVv xWm \iO^Tv^-^ovc&^ •. 

1 
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CeHe 


Benzene .... 


CeHe 


B. P. 
8-1 


C^Hg 


Methylbenzene (toluene) . 


CeH5(CH3) 


III 


QHio 


Ethylbenzene . 
Dimethylbenzenes : — 

Paraxylene . 

Metaxylene . 

Orthoxylene . 


C6H5(CsH5) 
CeH4(CH3)2 

CeH4(CH3)2 
CeH4(CH3)a 


135 

137-138 

140-142 


C9H12 


Propylbenzene . 
Isopropylbenzene 
Ethylmethylbenzene . 
Trimethylbenzenes : — 

Mesitylene . 

Pseudocumene 


CeH5(C3H7)a 
CeH,(C3H,)^ 

CeH4(CH3)(C2H5) 

C6H3(CHa)3 

C6H3(CH3)8 


157 

159-160 

163 
166 


C10H14 


Isobutylbenzene 
Propylmethylbenzene or 
cymene 

Isopropylmethylbenzene . 
Diethylbenzene 
Ethyldimethylbenzene 
Tetramethylbenzene 
(durene) 


C6H5(C4H,)i3 

CeH4(CH3)(C3H,)a 
QH4(CH3)(C3H7)i3 
CeH4(C2H5)2 
C,H3(C2H,)(CHs)a 

CeHa(CH3)4 


159 161 

I75-J76 
171-172 

178-179 
183-184 

189-191 


Cii^ia 


Isoamylbenzene 
Isopropyldimethylbenzene 

(laurene?) . 
Diethylmethylbenzene 


CeH5(QHl,)^ 
CeH3(CH3)(C2H5)2 


193 

188 
178 


^12^18 


Isoamylmethylbenzene 


CeH4(CH3)(C«H,JP 


213 


^13"20 


Isoamyldimethylbenzene . 


CeH3(CH3),(C,H,,)P 232-233 



Gmeral Methods of Formation, — ^The one general method 
of ascending the series consists in acting upon a mixture of 
a moniodated paraffin with a brominated derivative of ben- 
zene, or one of the homologous hydrocarbons, with sodium : 

CnH2n+ il 4" CnH2n_7^r + ^Na = CnHgn^T-CnHan + 1 

H- Nal 4- NaBr. 
— + 2Nal -V 2^aBi. 
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Thus monobromobenzene and iodomethane yield toluene 
(methylbenzene) ; dibromobenzene, or bromotoluene, and 
iodomethane yield xylene (dimethylbenzene) ; bromodi- 
methylbenzene and iodomethane yield trimethylbenzene ; 
bromotrimethylbenzene and iodomethane yield tetramethyl- 
benzene. Penta- and hexamethylbenzenes have not thus 
been synthesised. If instead of bromobenzene and iodo- 
methane, bromobenzene and iodethane, iodopropane, or 
iodotetrane are acted upon by sodium, so-called ethyl-, 
propyl-, or butylbenzenes are obtained. Similarly, bromo- 
toluene, iodethane and sodium yield ethylmethylbenzene ; 
so that a great variety of compounds may be prepared in 
this way. The isobutyl- and isoamyl-derivatives included 
in the above table have all been prepared with the aid of 
/3-iodotetrane and /J-iodopentane, obtained from fermenta- 
tion butylic and amylic alcohol respectively. /3-iodopropanc 
cannot be employed in the preparation of /3- (so-called iso) 
propyl-derivatives, which are either natural products, or are 
obtained by indirect methods. 

Behaviour on Oxidation, — ^The first member of the series, 
benzene, is either imaffected by oxidising agents or is entirely 
burnt to carbonic anhydride and water ; under no conditions 
hitherto discovered does it yield oxidation products con- 
taining the same number of unit-weights of carbon as itself. 
It may be directly converted, however, under the influence 
of certain oxidising agents, into benzoic (C6H5.CO2H) and 
phthalic (C6H4(C02H)2) acids ; this change occurs when 
benzene is acted upon by a mixture of manganic oxide 
(Mn02) and sulphuric acid, in which case a portion of the 
benzene is undoubtedly oxidised to formic acid (HCO2H) 
and water, and the acids mentioned are formed by the simul- 
taneous oxidation of this formic acid and further portions of 
the benzene, as expressed by the following equations : 

CeHe + HCO2H + O = CfiHg.COaH + OH,. 

CfiHe + 2HCO2H + 02 = CeHL^i^eo^^V ^ ^^^^^ 

I 2 
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This is confirmed by the fact that increased quantities of 
benzoic and phthalic acids are obtained by oxidising a 
mixture of formic acid with benzene. 

All the homologous hydrocarbons which are formed firom 
benzene by a single operation, i.e., which are formed from it 
by the introduction of a single CnHan + i group in the place 
of hydrogen, invariably yield the monobasic acid, benzoic acidy 
on oxidation ; thus : ' 

CeHvCHj + 3O = C6H5.CO2H + OH2. 

Methylbenzene. Benzoic acid. 

'The oxidation of the hydrocarbons which may be regarded 
as di-derivatives of benzene, i.e., which are formed from it 
by the introduction of two CnH2n+ 1 groups, may occur in 
two stages : in the first, a monobasic acid of the benzoic 
or C6H4(CnH2n+i)C02H series is formed, one of the 
CnH2n+i groups remaining intact,* the other being oxidised 
to CO2H ; in the second, the remaining CnH2n+i group is 
also similarly oxidised, and a dibasic acid* of the composition 
C6H4(C02H)2 produced. For example : 

C6H4{CH3)2 + 30 = C6H4(CH3).C02H + OH2 ; 

Dimethylbenzene. Methylbenzoic or Toluic acid. 

C6H,(CH3).C08H + 30 = C«H4(COjH)2 + OH,. 

Toluic acid. Terephthalic acid. 

* On oxidation of the hydrocarbons derived from benzene by the in- 
troduction of two or more dissimilar CnHjnfi groups in place of hydro- 
gen, it appears that the more complex — less stable — group is always 
the first to undergo oxidation ; thus C6H4(CH3)C3Ht, propylmethyl- 
benzene, yields methylbenzoic (toluic) acid, CeH4(CH3)C03H, and not 
propylbenzoic acid, C6H4(C3H7)C02H. 

* One important exception to the latter part of this rule is to be 
noted. It appears that three isomeric modifications of each hydro- 
carbon of the form C6H4(CnH2n+i)2 ni^iy exist, and that each of these 
yields the corresponding monobasic acid of the CeH4(CnH9n+i)C05jH 
series, but of the three isomeric acids thus formed, two only yield the 

corresponding dibasic acid on oxidation, the third is completely oxidised 
to water and carhonic anhydride by most o^dCLHsm^ ^^eoXs V^^t iK^ktie). 
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Similarly, the oxidation of the hydrocarbons wliich may 
be regarded as tri-derivatives of benzene, all of which appear 
to yield a tribasic acid of the composition C6H3(C02H)3, 
as their final product, may occur in three stages. For 
example : 

C6H3(CH3)3 + 30 = C6H3(CH3)2.C02H + OH2. 
Mesitylene. Mesitylenic add. 

C6H,(CH3),.C08H + 30 = C6H3(CH3)(COjH)a + OHj. 

Mesitylenic acid. Mesidic acid. 

C6H,(CH,)(C02H)j + 30 = C6H3(COpH), + OH^. 

Mesidic add. Mesitic acid. 

In short, the characteristic final oxidation product of a 
hydrocarbon of the benzene series of the general formula 
C6H6_^(CnH2n+ i)m> however complex the CnHan + i con- 
stituent, is always an acid of the form CeHe.m (C02H)m. 
Hitherto too little attention has been paid to the products 
formed simultaneously with this acid, but it appears that in 
the case of the hydrocarbons formed by the aid of moniodo- 
parafiins derived from primary monohydric alcohols,* an 
add of the acetic series containing one unit of carbon less 
than the CnHan+i constituent and water are produced, as 
represented by the following general equations : 

C6H5(CnH2n + ,) + S^ = CeH^.COaH + 

Cn_lH2(n«i)02 + OH2. 

C6H4(C„H2n+ 1)2 + loO = C6H4(C02H)2 + 

2Cn_iH2(n_l)02 + 2OH2. 

As a special instance, the oxidation of isoamylbenzene 
may be quoted ; thus : 

C6H5.C5Hn + sO = C6H5.CO2H + C4H8O2 + OH2. 

Isoamylbenzene. Benzoic add. Isobutyric acid. 

> Moniodoparaffins other than those derived from primary mono- 
hydric alcohols have hitherto never been successfill^ t.TK^Vs^^ Vsw ^^ 
preparation 0/ hydrocarbons of the benzene senes. 
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Behaviour with Reagents. — Formation of Siibstitution Deri- 
vatives, — Chlorine acts readily on benzene in presence of 
iodine or antimonic chloride, and gives rise to the following 
derivatives : 

CeHjCl ; C6H4CI2 \ CeHgCla ; CeHaC^ \ CeHCls ; CeQe. 

Bromine acts similarly, though less energetically. lodo- 
derivatives are only obtained when the action of iodine 
takes place in presence of some substance capable of at 
once withdrawing the hydriodic acid, as it is formed, from the 
sphere of action ; such a substance is iodic acid. If the 
hydriodic acid be not withdrawn, it reacts on the iodo-deriva- 
tive first formed and removes the iodine from it, replacing it 
by hydrogen : CeHg + 13 = CeHgl + HI ; CeHgl + HI= 
CfiHg + I2 ; but in presence of iodic acid it is at once 
^ reduced : HIO3 + 5^1 = JI2 +.3OH2. Mono-, di-, and 
' tri-iodobenzene have thus been prepared by heating ben* 
zene in closed tubes with iodine and iodic acid. 

The haloid substitution-derivatives of benzene are charac- 
terised by their extreme stability and chemical indifference : 
thus nascent hydrogen (firom sodium amalgam and water) is 
entirely without action on chloro- and bromobenzene, and 
these bodies even remain unaffected when fused with potassic 
hydrate. It is in this respect especially that these derivatives 
differ from the haloid derivatives of the paraffin and other 
intermediate series of hydrocarbons, all of which are acted 
^ upon by nascent hydrogen, alkalies, &c., with comparative 
readiness. 

The homologues of benzene exhibit a remarkable be- 
haviour with chlorine (and bromine). The first product of 
the action of chlorine on toluene in the cold is chlorotoluene,^ 
CyHyCl, a body which, like chlorobenzene, is in no way 
. amenable to the action of ordinary reagents ; and by further 
similar treatment with chlorine, di- and trichlorotoluene, &c., 

' This chlorotohx&cit is a mixture oi two \soxftetvt\so^\«&. 
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are fonned, which are equally stable and indifferent com- 
pounds. If, however, chlorine be passed into ^^/7/>/^ toluene, 
bodies of the same composition, but entirely different proper- 
ties, are obtained : thus the first of these, benzylic chloride, 
C7H7CI, is reconverted into toluene by the action of nascent 
hydrogen ; it readily exchanges CI for (CN), (SCN), (SH), 
&c., when acted upon by KCN, KSCN, or KHS ; and is 
readily decomposed by alkalies. The second and third 
products of the composition C7H6CI2 and C7H5CI3, 
obtained under the same conditions, exhibit analogous 
properties. 

In explanation of this remarkable difference in the be- 
haviour of the two series of products, the assumption is made 
that, in the case of the stable compounds, hydrogen in the 
so-called aromatic group is replaced by chlorine, whereas 
those formed by the action of chlorine at a high temperature 
contain the halogen in the CnH2n+i group, and the two series 
of derivatives of toluene are accordingly formulated as 
follows : 

C6H5.CH3; C6H4CLCH3 ; C6H3CI2.CH3 ; C6H2CI3.CH3. 

Toluene. Chlorotoluene. Dichlorotoluene. Trichlorotoluene. 

C6H5.CH2CIJ C6Hr,.CHCl2 j C6H5.CCI3. 

Benzylic chloride. Benzylene chloride. Benzotrichloride. 

Moreover, an intermediate series of bodies can be obtained 
which it is generally assumed contain the chlorine partly in 
the aromatic and partly in the CnH2n+i group. Thus, if 
chlorotoluene be treated with chlorine at its boiling-point, 
or if benzylic chloride be acted upon by chlorine in the cold, 
a dichlorinated product is obtained, half the chlorine in 
which may be readily removed and replaced ; the other half 
cannot Hence this body is represented by the formula : 
C6H4CI.CH2CI. By the continued action of chlorine on 
this compound, at an elevated temperature, tri- and t<5tea.- 
chlorinated derivatives are pToduc^di— C^^^.^^TA.O.^.'^^^ 
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C6H4CI.CCI3, two-thirds and three-fourths of the chlorine 
in which respectively may be readily removed and replaced. 

So far as our observations go, the higher homologues of 
benzene comport themselves similarly. 

Most remarkable, however, is the fact that if the action of 
chlorine on toluene take place in presence of a small quan- 
tity of iodine, bodies of the first class only are obtained, no 
matter what the conditions of temperature. 

Concentrated nitric acid converts benzene, with great 
evolution of heat, into nitrobenzene, which is converted by 
prolonged heating with the acid, or more readily if a mixture 
of concentrated nitric and sulphuric acids be employed, into 
a mixture of isomeric dinitrobenzenes, C6H4(N02)2 ' 

CeHe + HNO3 = OH2 + C6H5.NO2. 

Similar nitro-derivatives are obtained from the homologous 
hydrocarbons. A weaker acid, however, exercises simply 
an oxidising action : thus diethylbenzene, for example, 5rields 
ethylbenzoic acid when boiled with diluted nitric acid. 

By the action of concentrated sulphuric acid on benzene 
and its homologues, these hydrocarbons are converted into 
sulphonic acids ', e.g. : 

CfiHe -f SO4H2 = OH2 + .C6H5(S03H). 
CfiHg + 2SO4H2 = 2OH2 + C6H4(S03H)2. 

The haloid substitution-derivatives of benzene and its 
homologues, excepting those formed from the latter by the 
action of chlorine or bromine on the boiling hydrocarbons, 
are similarly acted upon ; thus : 

CgH^Br + SO4H2 = OH2 + C6H4Br(S03H). 

Bromobenzene. Bromobenzenesulphonic acid. 

When heated with a large excess of a concentrated hydrio- 

dic acid solution, for some hours, at 27o°-28o°, the aromatic 

hydrocarbons are converted into the corresponding paraf- 

^ns (Berthelot), Baeyer finds, howevei, livaX ^i^ \qtoci^c 
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acid* has no action on benzene, even at 350°, but that it 
<:onverts toluene into the hydrocarbon CyHio; xylene into 
CgHu; and mesitylene (trimethylbenzene) into CgHig. 

Benzene {Benzol; Phenylic Hydride^) ^ CeHg. — Formation, 
— 1. By the action of heat on acetylene : 3C2H2 = CgHg. 

2. The higher homologues of benzene and a number of 
other hydrocarbons (naphthalene, anthracene, &c), -yield 
benzene among other products when strongly heated by 
passing through a red-hot tube, either alone or mixed with 
hydrogen. 

3. Pure benzene is obtained by carefully distilling benzoic 
acid with calcic hydrate (slaked lime) at a dull red heat : 

CeHfi-COaH + CaHgOa = CaCOa + OH2 + CgHe. 

4. By passing phenol over strongly heated zinc dust : 

CgHfiO + Zn = ZnO + CgHe. 

On the large scale benzene is always prepared from the 
{>ortion of coal-tar oil boiling below 100^. This is first shaken 
up with diluted sulphuric acid, then with water, and finally 
with soda solution, in order to remove all the substances of 
basic or acid properties it may contain. It is then fractionally 
distilled, and if required perfectly free from homologous ^ hydro- 
carbons and from hydrocarbons of the CnHjn+a? CnH^n and 
CnHjn-ji series, with which it is always more or less contami- 
nated and which cannot be separated by mere distillation, it 
is cooled to a low temperature by a refrigerating mixture of 
ice and salt; the benzene then crystallises out, whilst the other 
hydrocarbons remain liquid, and may for the greater part be 
removed by draining the crystals, which are afterwards melted 
and again caused to crystallise, and drained. The last traces 
of admixed hydrocarbons are removed by adding bromine until 

^ The hydrocarbon was enclosed in glass tubes with phosphonic 
iodide, PH4I, which is split up on heating into PH, + HI. 

^ The hypothetical radicle CeHs, derived from benzene, is termed 
phenyl, 

• Commercial benzene always coiitaVn!&\ax^<^ c^v\asiJC\>aR& <i^\xJ^«^R« 
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a permanent colouration is produced — the benzene being scarcely 
attacked by it, whereas the other hydrocarbons are acted 
upon and converted into brominated derivatives — then washing 
with alkali, drying over solid potassic hydrate, and rectifying, 
when pure benzene boiling constantly at 8i^ is obtained. 

Benzene is a colourless, limpid, strongly refracting, highly 
inflammable liquid of peculiar odour ; specific gravity '899 
at 0°. It solidifies, on cooling, to a brilliant white mass of 
fern-like tufts, which melt at 5° -5 ; it is scarcely soluble in 
water, but is a solvent of a very large number of bodies. 

Derivatives of Bertzene. — Chlorine is without action on 
benzene in the dark, or in diffused light ; the action of 
chlorine or bromine in bright sunlight, however, gives rise to 
the formation of additive compounds of the formula CeHgCl^ 
(benzene hexachloride) and CsHfiBrg (benzene hexabro- 
mide). These are white crystalline substances, which are 
converted into trichloro- and tribromobenzene respectively^ 
by the action of potassic hydrate, thus : 

CfiHeCle + 3KHO = 3KCI + 3OH2 + C6H3CI3. 

By passing chlorine into benzene in which some iodine is 
dissolved and heating gently meanwhile, the following series 
of derivatives are obtained : ^ 







Boiling 


Meltin 




Formula. 


Point. 


Pbint 


M onochlorobenzene 


C.H,C1 


133° 


-4D° 


Paradichlorob'enzene 


QH.Cl, 


172** 


Sf 


Orthodichlorobenzene 


C.H.Cl, 


179° 


liq. 


1:2: 4Trichlorobenzene 


CeH,a, 


213° 


16^ 



* The action of iodine in assisting the formation of chlorobenzenes is« 
explained by the fact that iodine chloride readily acts on benzene: appa- 
rently, moniodobenzene is first produced : CgHg + ICl = CgHjI + HCl, 
but this is converted by the action of a fiirther portion of the chloride 
into cWorobenzene : CgHjI + ICl = CgHjCl + Ij. The iodine thus set 
free is again converted into chloride by lYift chlotine, and thus acts a» 
fer of the chlorine. 
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Formula. 


Boiling 
Point. 


Melting 
Point. 


1:2:4:5 Tetrachloro- 








benzene. 


C«H,C1, 


240° 


139** 


Pentachlorobenzene . 


CgHClj 


276° 


85° 


Hexachlorobenzene . 


CoCle 


326° 


226° 


he following have been prepared by indirect n 


aethods 




Formula. 


Boiling 
Point. 


Melting 
Point. 


Metadichlorobenzene 


QH^CL, 


172° 


liq. 


1:2: 3Trichlorobenzene 


C,H,C1, 


218° 


54° 


1:3: 5Trichlorobenzene 


C.H,C1, 


209° 


63° 


1:2:3: 4Tetrachloro- 








benzene. 


C,H,C1, 


254° 


45° 


1:3:4:5 Tetachloro- 








benzene. 


CaHjCl, 


246° 


so" 



The indirect methods by which these are produced are 
three in number, viz. : 

1. By the action of PCI5 on the chloro-derivatives of phenol 
(p. 167), thus : CeH^ClyOH + PCI4 » Q^^Q\ + POCI3 + HCl. 

2. By submitting the chlorinated derivatives of amidobenzene 
or aniline (p. 333) to the action of nitrous acid and treating the 
resulting diazo-compounds with alcohol (see p. 334); or by 
simply acting on these same chlorinated anilines with ethylic 
nitrite, e.g. : Cg Hg Q\ . NHg + Q H^ NO3 = Q Hj CI3 + N, 

+ CgH^O + OH2. 

3. By converting the chlorinated derivatives of amidobenzene 
into diazo-chlorides, and distilling the platiniun double salts of 
these chlorides : (CeHjCl3.N3)2PtCl6 = 2C6H3CIS + 2N2 + Pt 
+ 2CI2. 

By the direct action of bromine on benzene, bromo- 
benzenes are produced corresponding to the chlorobenzenes 
obtained by the action of chlorine, and others may be 
formed by indirect methods similar to those employed in 
the preparation of the corresponding chlorobetVLe.\SRS». 

Crude dinitrobenzene (p. 120^ \s ^m\xX>xt^cJl'^KSftfc>ssi- 
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merides all of which crystallise well, viz. : Paradinitrohenzenej 
which mehs at 171°; MetadinitrobenzeHe^ which melts at 89°; 
and Orthodinitrobenzene, which melts at 118°. By treating 
metadinitrobenzene with a mixture of the strongest nitric 
acid and pyrosulphuric acid (11.^8207) in sealed tubes at 
140°, trinitrohenzene^ CgHa (N02)3, is said to be produced. 

A large number of nitro-haloid derivatives are formed by 
treating the various haloid derivatives of benzene with 
nitric acid. 

Nitrobenzene is converted into amidohenzene^ phenylamine 
or aniline^ C6H5.NH2, by the action of reducing agents 
(sources of nascent hydrogen), the group NO2 being con- 
verted into the NH2 or amidogen group (see p. 330). In a 
similar manner, the dinitrobenzenes are converted into cor- 
responding diamidobenzenes or phenylenediamines \ and the 
nitro-haloid derivatives into corresponding atnido-haloid deri- 
vatives.' 

It is especially noteworthy that in no case have isomeric 
modifications of mono-derivatives of benzene been obtained; 
thus, we only know one methylbenzene (toluene), one chloro- 
benzene, one bromobenzene, one nitrobenzene. The greatest 
number of isomeric modifications of di-derivativds of benzene 
which have been obtained is three ; whilst of many of the 
tri-derivatives no less than six isomeric forms have been 
prepared. 

Toluene {Methylbenzeni)^ CyHg = CgHs.CHa, may be 
produced by treating a mixture of monobromobenzene and 
iodomethane ^th sodium, but it is usually obtained by the 
fractional distillation of that portion of coal-tar oil which 
boils at ioo**-i2o°. It is a mobile colourless liquid, boiling 
at 111°. Toluene )delds benzoic acid, C6H5.CO2H, and 
water on oxidation. 

In nearly every instance, two isomeric derivatives are 
formed simultaneously by the action of various reagents on 

' For a full account of the benzene dem«c\.Vjes Ibe student should 
^suJt Watts' Dictionary of ChemUtty, vo\s. i. V\. n\\. i^xAnyCv 
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toluene. Thus two monobromotoluenes are produced by 
the action of bromine in the cold : one of these is a crystal- 
line solid, and yields parabromohenzoic acid, C6H4Br.C02H, 
on oxidation ; the other is liquid and is entirely decomposed 
on oxidation. Similarly, two isomeric monochlorotoluenes are 
formed by the action of chlorine in the cold, and treatment 
of toluene with nitric acid gives rise to two mononitro- 
toluenes: the one being crystalline and convertible into 
paranitrobenzoic acid, C6H4(N02).C02H ; the other liquid 
and entirely decomposed by oxidising agents. Again, two 
isomeric toluenesulphonic acids, leadily distinguishable by 
the different crystalline forms, &c., of their potassic salts, are 
formed on dissolving toluene in concentrated sulphuric acid. 

Xylene, CgHio- — Ethylbenzetie^ C6H5.C2H5, prepared by 
the action of sodium on a mixture of monobromobenzene with 
iodethane, boils at 135°; it yields benzoic acid, carbonic 
anhydride and water on oxidation. 

Three isomeric modifications of the metameric compound 
dimethylbenzene, C6H4(CH8)2, have been obtained, namely, 
Para-y Mda- and Ortho-xylene, These are all present in 
coal-tar oil. 

Paraxyletie is prepared synthetically by the action of 
sodium on a mixture of iodomethane with the crystalline 
modification of monobromotoluene ; it forms white crystals, 
which melt at 15® and boil at 136° \ it is converted into 
paratoluic acid, C6H4(CH3).C02H, on oxidation, which, on 
further oxidation, yields terephthalic acid, C6H4(C02H)2. 

Mefaxylene, which appears to be the chief constituent of 
coal-tar oil xylene, is obtained by distilling mesitylenic acid 
with lime : C6H3(CH3)2.C02H + CaO = C6H4(CH3)2 + 
CaCOs- Metaxylene boils at i37**-i38° ; it yields metatoluic 
acid on oxidation, which in turn yields isophthalic acid. 

Orthoxylene, — By the action of sodium on a mixture of 
iodomethane with the monobrominated derivative of either 
para- or metaxylene, the same modification of trimeth-xl- 
benzene is obtained. By diges^oii 'wvJSct ^^i»X<i \c&c\k. -^^^^ 
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this pseudocumene^ as it is tenned, is converted into a mixture 
of two isomeric acids, known as xylic znd paraxylic acids. 
Xylic acid, C6H3(CH3)2.C02H, furnishes metaxylene on 
distillation with lime, whilst paraxylic acid yields orthoxylene 
when similarly treated Orthoxylene boils at i4o°-i4i°; 
on oxidation by dilute nitric acid it yields orthotoluic acid, 
which it was long supposed could not be oxidised to the 
corresponding dibasic 2S^Ay phthalic acid, but it appears that 
this can be done if the proper oxidising agent — ^an alkaline 
solution of potassic permanganate — is employed. The three 
isomeric oxylenes also differ in their behaviour with bromine, 
concentrated nitric acid, and sulphuric acid, furnishing iso- 
meric substitution derivatives differing considerably in pro- 
perties. 

Mesitylene and Pseudocumene. — Coal-tar oil contains 
two isomeric irimdhylbenzenesy known as mesitylene and 
pseudocumene. A remarkable synthetic method of pre- 
paring the former consists in distilling dimethylketone or 
acetone, CO(CH3)2, with sulphuric acid. In this reaction 
the acetone appears to be converted by the withdrawal 
of the elements of water into methylacetylene (allylene), 
HC:C(CH3), which combines with the acid. The acid 
sulphate thus produced is no sooner formed than it decom- 
poses, but the allylene which it probably yields does not 
escape as such, but at the moment of liberation forms mesi- 
tylene: 3C2H(CH3)^C6H3(CH3)3. The two hydrocarbons 
are distinguished by their conversion into isomeric acids on 
oxidation, and especially also by their behaviour with con- 
centrated nitric acid, mesitylene yielding a /rzVwVr^-derivative, 
C6(N02)3(CH3)3, which melts at 232°, and pseudocumene 
an isomeride melting at 185°. 

Tetra-, penta- and hexa-methvlbenzenes. — If me- 

thylic chloride, CH3CI, is passed into a warm solution of 

aJuminic chloride, AlaCle, in benzene, hydrochloric acid gas 

is evolved, and methylbenzene or toluene is produced : 
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alone is entirely without action on benzene ; the nature of 
the influence which aluminic chloride exercises is not yet 
understood, however. By continuing the action, higher 
methylated benzenes and finally hexamethylbenzene are 
formed. The dimethylbenzene produced in this manner 
consists of metaxylene mixed with a very small amount of 
paraxylene ; both mesitylene and pseudocumene are formed, 
but the latter is the chief product ; two tetramethylbenzenes 
are also formed, one crystalline, the other liquid ; a single 
penta- and a single hexa-methylbenzene are obtained. Penta- 
methylbenzene boils at about 230°, and is a crystalline 
solid at low temperatures ; hexamethylbenzene, C6(CH3)6, 
melts at about 150° and boils at about 260°; unlike all 
other hydrocarbons of the series, the latter does not form a 
sulpho-acid when treated with sulphuric acid. 

CuMENE and Cymene. — Cumin oil, distilled from the 
seeds of Cutninutn cymtnum^ consists chiefly of cymene and 
cumic aldehyde, C10H12O (p. 235). The formation of cy- 
mene from the terpenes, citrenes, and camphor has already 
been described; it may be prepared synthetically by the action 
of sodium on a mixture of parabromotoluene, C6H4Br.CH3, 
and normal propylic bromide, CH3.CH2.CH2Br; on oxida- 
tion, it yields first paratoluic and then terephthalic acid. 

By oxidising cumic aldehyde, and distilling the resulting 
cumic acid, C3H7^.C6H4.COOH, with baric hydrate, cutnene 
or isopropylbenzene is produced; this hydrocarbon yields 
benzoic acid on oxidation. By acting on a mixture of 
bromocumene and methylic iodide with sodium, mdhyliso- 
propylbenzene isomeric with methylpropylbenzene or cymene 
is obtained The two hydrocarbons are readily distinguished 
by means of their sulpho-acids. 



The behaviour of benzene and its homolG^jj^ shows that 
the hydrocarbons of this series are of an altogether diflerent 
type from those of the series pitNiOM^^ cw^svi^'ei^^. '^^>^^ 
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foHowing is the symbol devised by Kekul^ to express the 
peculiar behaviour of benzene : 

CH 

hc^Vh 



HCU 



It will be noticed that the carbon symbols are represented 
as imited in the form of a * closed chain ' or ring, whereas in 
the formulae of the paraffins and hydrocarbons of the ethylene 
and acetylene series the carbon symbols are always repre- 
sented as united in the form of an * open chain/ 

This s)rmbol is chiefly based on the observation (i) that 
benzene unites with at most six unit-weights of chlorine or 
bromine ; and (2) that it is incapable of forming isomeric 
»w?«/7-substitution derivatives. 

I. On combining the hydrocarbons of the CnHgn and 
CnH2n-a series, or valylene, CsHg, with the maximum amount 
of chlorine or bromine, the amount of halogen taken up by 
the hydrocarbon is always equivalent to the amount of 
hydrogen which would be withdrawn in its formation from 
the corresponding paraffin ; the resulting haloid compound, 
in fact, is always a paraffin derivative. Thus, ethylene and 
bromine form a dibromethane ; acetylene and bromine a 
tetrabromethane ; and valylene and bromine a hexabromo- 
pentane. But benzene forms only a hexachloride and hexa- 
bromide; whereas, if similar in constitution to the *open 
chain ' hydrocarbons, since it contains eight unit weights of 
hydrogen less than the corresponding paraffin, C6H,4, it 
should form an octobromide. By assuming, however, that 
the carbon symbols are associated in the manner shown in 
the above symbol, this behaviour of benzene no longer 
appears peculiar. The addition of bromine takes place in 
precisely the same manner as in the formation of ethylene 
dibromide from ethylene, but as there are three pairs of 
carbon symbols in the benzene formula similar to the single 
pair in the formula, of' ethylene, three times asmucVi btomine 
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is taken up by benzene as by ethylene ; a comparison of the 
following formulae will render this more evident : 

CH2 CHjBr S? ^^' 

II I H(y^X:H BrHO^NCHBr 

CH2 CHaBr HcMIcH BrHCvJcHBr 

Ethylene Ethylene CH CHBr 

dibromide Benzene Benzene 

hexabromide 

The separation of carbon from carbon when it is asso- 
ciated in the manner represented by the formula of ethylene 
dibromide is never effected by means of chlorine or bromine, 
except these agents are employed in excess and at a relatively 
very high temperature ; it will be obvious from the formula 
of benzene hexabromide that the formation of an octobromide 
from benzene could not be realised \fathout such a separation . 
taking place. 

This hypothesis is further supported by the fact that a 
hydrocarbon, known as dipropargyl^ exists, isomeric with 
benzene, possessing the properties of an 'open chain' hydro- 
carbon, and capable of forming an octobromide. Dipro* 
pargyl is formed by the action of potassic hydrate on diallyl- 
tetrabromide (p. 104), thus : 

CH2Br.CHBr.CH2.CH2.CHBr.CH2Br+4KOH= 

CH i C.CH2.CH2.C : CH+4KBr+40H2, 

It is a mobile liquid boiling at about 85**, which produces 
a white precipitate, C6H4(Ag2)+20H2, in an ammoniacal 
solution of argentic nitrate and a greenish-yellow precipitate, 
C6H4(Cu2)+20H2, in an ammoniacal solution of a cuprous 
salt Bromine combines with it with explosive violence 
forming an oily tetrabromide, which on further treatment 
with bromine yields a crystalline octobromide. 

2. It will be observed that the formula given to benzene 
is perfectly symmetrical, and hence the same formula will 
always result whichever of the hydrogen symbols is displaced 
by any one particular monad radicle ; in o\K^\ '^^x^^^ tnr> 
isomeric mono-derivatives of betiz«ne we ^^'s^e^ «sv^ "^^ 

K 
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point of fact none have been obtained This is no longer 
the case, however, if two identical or different monad radicles 
are substituted for two of the hydrogen symbols ; several 
formulae may then be constructed in which the two radicles 
occupy relatively diflferent positions. Thus, indicating the 
several hydrogen symbols as H*, H*, H®, H*, H*, and H*, 
if the radicle X' be introduced in place of H^ then isomerides 
will be formed by introducing the same radicle, or a different 
radicle Y', in place of either H', or H^, or H* ; but these 
are the only possible isomerides since H* and H^, and H^ 
and H*, respectively are identically situated relatively to H*. 
The three isomerides may be spoken of as the i : 2, i : 3, 
and I : 4 derivatives ; in writing their formulae, it is con- 
venient to employ a simple hexagon in place of the symbol 
for benzene previously used, merely the formulae of the 
radicles introduced being written in the appropriate positions 
at the angles of the figure^ and the positions always num- 
bered in the order indicated in fig. i. If X'=CH8, we 
have the formulae of the three dimethylbenzenes, as shown 
in figs. 2, 3, and 4 : 



CXI3 CHs CHs 

\/3 \y \/CH. ^ 



n 



4 

Fig. I. Fi^. a. Fi^. 3. Fig. 4. 

t : 2 Dimethyl- i : 3 Dimethyl- x : l Dimethyl- 

henzene. benzene. benzene. 

The I : 2 di-derivatives are commonly spoken oizzortho-^ 
the I : 3 as meta-^ and the i : 4 as para- compounds, the 
three dimethylbenzenes represented by figs. 2, 3, and 4 
being respectively identical with ortho-, meta-, and para- 
xylene. 

In a similar manner, it may be shown that three isomeric 

tri- and three isomeric tetra-derivatives may be formed by 

the introduction of X' ; but isomeric penta- or hexa-deriva- 

lives of this kind are not possible. A greater number of 

isomeric tri- and tetra-, and also isomtivc ^nXa.- and hexa- 



Constitution of Benzene. 131 

derivatives may be produced, however, by the introduction 
of dissimilar radicles. 

It will be seen on comparing the following symbols of all 
the possible di- and tri-bromobenzenes, that the three tri- 
bromobenzenes cannot all be derived from each of the 
dibromobenzenes ; and that while the i : 3 modification 
may give rise to the formation of all three tribromobenzenes, 
only two of these latter can be obtained from the i : 2 
modification and only one from the i : 4 modification : 

Dibromobenzenes. 



Br 
/NjBr 

\/ 

X : 2 


Br 
\/^ 

Tribromobenzenes. 




Br 

Y 


Br Br 
/\Br /\Br 

Y ^ 


Br Br 
ABr A 

w/Br Bil/Br 


Br 


Br 
V 


1:2:4 1:2:3 


1:2:3 1:3^5 


1:3:4 

or X : 2 : 4 


X :2:4 



Hence, by ascertaining which of the tribromobenzenes can 
only be procured firom one of the dibromobenzenes, it is 
})Ossible to ascertain which of these latter is the i : 3 modi- 
fication. If it be then established which two dibromo- 
benzenes alone can fiimish a second tribromobenzene, it is 
possible to dififerentiate the i : 2 and i : 3 modifications o^ 
the former firom the 1:4 modification, and as it is known 
which is the i : 3 modification, we are able to say which is 
the I : 2 modification. As only three are possible, the 
remaining modification must be the i : 4 dibromobenzene. 
On the other hand, it follows that the tribromobenzene 
which can only be obtained from one dibromobenzene is 
the 1:3:5 variety ; that which can be produced firom two 
is the 1:2:3 modification ; and the remaining isomeride 
is therefore the 1:2:4 derivative. TKe tx^xsi ci^ ^^^>s.^\issiS|^ 
here indicated has been experim^ii\jd&^ x^'i^^Xil"^^'^^^' 

K2 
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His conclusions have been verified in many ways by other 
chemists ; and at present, notwithstanding the vast amount 
of labour which during the past few years has been expended 
on the investigation of the benzene derivatives, there is not 
a single fact known which does not harmonise with K e k u 1 ^ ' s 
hypothesis of the * constitution ' of benzene and its deriva- 
tives. 

The position of the radicles in the formulae of the three 
dibromobenzenes being known, it is easy to ascertain the 
formulae of other di-derivatives either by preparing them 
firom the dibromobenzenes, or vice versd, by preparing the 
dibromobenzenes from them. Thus i : 4 or para'dibromo- 
benzene is converted into paraxylene^ C6H4(CH3)2, on treat- 
ment with sodium and methylic iodide, and paraxylene 
yields paratoluic and terephihalic acids on oxidation ; para- 
xylene, paratoluic, and terephthalic acids axe therefore i : 4 
derivatives of benzene. By the action of sodium on a mix- 
ture of ethylic chlorocarbonate, CLCOOC2H5, and i : 3 or 
mdadibromobenzene, the ethylic salt of isophthalic acid is 
obtained ; but metatoluic and isophthalic acids are oxidation 
products of metaxylene : hence metaxylene, metatoluic and 
isophthalic acids are i : 3 derivatives of benzene. Conse- 
quently orthoxylene, orthotoluic acid and phthalic acid are 
I : 2 derivatives of benzene. 

The formulae of all other di-derivatives, and also of the 
higher derivatives, of benzene, may be established by similar 
reasoning. 

CnHfti-e SERIES OF HYDROCARBONS. 

Three hydrocarbons of this series are known: — 

Cinnamene or phenylethylene . C6H5.CHZICH2 
Allylbenzene .... C6H5.CHz:CH.CHa 
Phenylbutylene . . . C6H5.C4H7. 

Cinnamene, CgHg, may be produced (i) by strongly 
heating acetylene: 4C2H2=CaH^', (2) by the action of 
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potassic hydrate on bromethylbenzene, C6H5.CHBr.CH3 ; 
and (3) by distilling cinnamic acid, C6H5.C2H2.COQII^ f} 
with baric hydrate. It is present ready formed in liquid 
storaxy and may be separated by distilling the balsam with 
water. Cinnamene is a colourless, mobile, strongly refracting 
liquid, boiling at 145®. It combines directly with chlorine 
and bromine to form the additive compounds cinnamene 
dichloride, C8HgCl2, and cinnamene dibromide, CgHgBrs, 
the analogues of ethylene-dichloride and dibromide. If . 
heated to 200^ in a closed tube, it is converted into the 
polymeric metacinnamene. 

CnHjn-io SERIES OF HYDROCARBONS. 

Acetenylbenzene, CgHg, the only known hydrocarbon 
of the series, is obtained — i. By the action of an alcoholic 
solution of potassic hydrate on cinnamene dibromide : 

CgHgBra 4- 2KHO = CgHg + aKBr + 2OH2. 

2. By distilling methylphenylketone with phosphorus 
pentachloride and treatment of the resulting compound with 
potassic hydrate : 

CH3.CO.C6H5 + PCI5 = POCI3 + CH3.CCI2.C6H5 ; 
CH3.CCl2.C6Hfi + 2KHO = CaCiCfiHs + 2KCI + 2OH2. 

3. By heating phenylpropiolic acid with water at 120® : 

C9H6O2 ^ CO2 + CgHg. 

Acetenylbenzene is a colourless, strongly refracting liquid, 
of peculiar aromatic odour • it boils at 139^ It has the 
property so characteristic of acetylene and some of its homo- 
logues, of precipitating metallic solutions : thus it produces 
a yellow precipitate of the composition (CgH5)2Cu2, in an 
ammoniacal solution of cuprous chloride; and the compound 
CgHsNa is produced with evolution of hydrogen on the 
addition of sodium to an ethereal solution of acetenyl- 
benzene. This sodium derivative \xii\\ies» \^'ai5Ss?j ^wi^ ^:a3L- 
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bonic anhydride to form the sodic salt of phenylpropiolic 
acid : CgHgNa + CO2 = CgHfiNaOa. On agitating the 
copper derivative suspended in ammonia with oxygen, the 
following reaction occurs : (CgH5)2Cu2 + O = CigHio + 
CuaO. The new hydrocarbon, diacdenylhmzene^ cr3rstal- 
lises in long white needles, which melt at 97**. 

CnH2n-l2> CnHgn. u AND C^Han - 24 SERIES OF 

HYDROCARBONS. 

NaphthalenCy CioHg ; Anthracene^ C14H10 ; and Chrysene^ 
CigHia, which are respectively the representatives of the 
above three series, may be regarded as the successive terms 
of a homologous series, of which benzene^ CgHg, is the first 
member, and in which there is a difference of C4H2 between 
the homologues. In fact, great analogy in chemical be- 
haviour exists between these four bodies, and they also differ 
greatly in chemical behaviour from most other series. Espe- 
cially characteristic of these hydrocarbons is the property of 
forming so-called quifiones. These quinones are invariably 
products of oxidation, but whereas in all ordinary cases of 
oxidation the reaction consists in the replacement of H2 l^y; 
O, as in the formation of acetic acid from alcohol, for; 
example : CaHgO + 20 = C2H4O2 + OH2, in the forma-- 
tion of the quinones no less than two units of oxygen are 
introduced into the compound for every two imits of hydro- 
gen removed, e.g. : 

C14H10 + 30 = CnHgOa + OH2. 

Anthracene. Anthraquinone. 

These quinones are neutral bodies ; they are readily con- 
verted by the action of nascent hydrogen into the correspond- 
ing hydroquinonesy which are the dioxy-derivatives of the 
hydrocarbons from which the quinones are produced, e.g. : 

C6H4O2 + H2 = C6H4 (0H)2. 

Quinone. Hydroquinone. 

Benzene cannot be directly oxidised to \h^ coTt^^QtA\xv^ 
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quinone, but chlorinated quinones may readily be obtained 
directly : thus chlorochromic anhydride, Cr02Clj, a reagent 
which exercises simultaneously an oxidising and a chlori- 
nating action, converts benzene into trichloroquifione : 

CfiHe + 4Cr02Cl2 = CfiHClsOa + 2Cr203 + 5HCL 

Naphthalene, CioHg, the primary member of the 
CnH2n_i2 series, is one of the principal by-products in the 
manufacture of coal gas. It is a constant product of the 
decomposition of many hydrocarbons by a red heat, and it 
is also formed when a mixture of benzene, cinnamene, or 
anthracene vapour with ethylene gas is passed through a red- 
hot tube ; in fact, it is generally produced when organic bodies 
are distilled out of contact witii air at very high temperatures. 

The s)aithesis of naphthalene has recently been effected 
in ^the following manner : a mixture of benzylic chloride 
with allylic iodide when acted upon by sodium yields the 
hydrocarbon CjoHia (phenylbutylene\ thus : 

C7H7CI + C3H5I H- 2Na = CioHi2 + NaCl + Nal. 

This hydrocarbon combines directly with bromine, and the 
resulting dibromide is resolved into naphthalene, hydrogen, 
and hydrobromic acid on passing its vapour over quicklime 
heated to redness : CioHiaBra = CioHg + H2 + 2HBr. 

Naphthalene crystallises in brilliant white scales ; it melts 
at 79® and boils at 216**. It possesses a peculiar unpleasant 
odour, is insoluble in water, but dissolves readily in alcohol, 
ether, fatty and essential oils, and in acetic acid. 

Naphthalene closely resembles benzene in chemical be- 
haviour. Bromine converts it, according to the proportions 
used, and to the temperature to which the mixture is heated, 
into one or other of the following compounds : 

CioH7Br ; CioH6Br2 ; CioH5Br3; CioH4Br4 ; C|oH3Br5. 

By the action of chlorine both substitJiti«yx-^<ew'a5QN^^ 
and additive compounds are obtameA, xvaxcvficj \ 



■U 
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/Monochloronaphthalene . . • C10H7CI 
Dichloronaphthalene .... C10H6CI2 
Trichloronaphthalene .... C10H5CI3 
Tetrachloronaphthalene . . . C10H4CI4 
^Pentachloronaphthalene . . . CioHaCU 
Naphthalenetetrachloride . . . C10H8CI4 
Monochloronaphthalenetetrachloride . C10H7CI5 
.Dichloronaphthalenetetrachloride . CioHgCle 

By the action of chlorine in presence of antimonic chloride 
it is finally converted into octochloronaphthalene, CjoClg. 

Nitric acid converts naphthalene into nitronaphthalene, 
CioH7.N02, and by continued treatment into di-, tri-, and 
finally tetranitronaphthalene; of these latter several isomeric 
modifications are produced simultaneously. 

Treated with chromic anhydride in acetic acid solution, it 
is oxidised to naphthoquinone : 

CioHg + 30 = CioHgOa + OH2. 

On oxidation with potassic dichromate and sulphuric acid, 
it yields dinaphthyl \ 2CioHg + O = C2oHi4 + OH2 ; 
and at the same time phthalic acid is formed : CioHg + 9O 
= C8He04 + 2CO2 + OH2. 

An isomeride of dinaphthyl, of higher melting-point, is 
obtained on passing naphthalene vapour through a tube 
heated to bright redness : 2C10H8 = C20H14 + H2 ; 
dinaphthyl melts at 154°, isodinaphthyl at 187°. 

Naphthalene dissolves readily in warm concentrated sul- 
phuric acid with formation of two isomeric (o and P) 
naphthalmesulphonic acids : 

CioHg + H2SO4 = C10H7.HSO3 + OH2. 

Naphthalene combines directly with hypochlorous add: 
CioHg + 2CIOH = CioH8Cl2(OH)2; 

the product being acted upon by alkalies thus . 
CjoHsCl2(OH)2 -f 2KOH = C^^Hii^O^V -V ^KCL 
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Only two homologues of naphthalene are known : methyl- 
naphthalene^ ChHiq = C10H7.CH3, and ethylnaphthalene, 
CjHia = C10H7.C2H5, obtained respectively by the action 
of sodium on mixtures of bromonaphthalene with iodome- 
thane, or iodetliane. The former boils at 231°, the latter 
at 251° j both are liquid even at —14° ; they are entirely 
decomposed on oxidation^ and do not seem capable of 
furnishing any well-characterised derivatives. 

Anthracene, C14H10, the primary member of the 
CnH2n_i8 serfes of hydrocarbons, has lately attained to 
great importance, owing to its forming the starting-point for 
the artificial production of alizarin^ the colouring matter 
contained in madder root {JRubia tznctorufn)y one of the most 
valuable dyeing materials with which we are acquainted. 

Anthracene is obtained on the large scale from the portion 
of the solid product of the distillation of coal-tar which 
passes over at about 340°-40o°. It may be produced arti- 
ficially — I. By heating benzylic chloride with water to 200°, 
together with the hydrocarbon benzyltoluene, C14H14: 

4C7H7CI = CuHio + CuHu + 4HCI. 

2. By the action of heat on various hydrocarbons, or 
mixtures of hydrocarbons : thus benzyltoluene is resolved 
into anthracene and hydrogen when passed through a red- 
hot tube j and some anthracene is obtained when toluene 
vapour is similarly treated, its production being doubtless 
preceded by that of benzyltoluene. A mixture of benzene 
vapour with ethylene also yields anthracene when passed 
through a red-hot tube. 

3. By heating alizarin with zinc-dust, the necessary hy- 
drogen being probably furnished by the entire decomposition 
of a portion of the alizarin : 

CuH804 + H2 + 4Zn = CuHio + 4ZnO. 

4. A number of other vegetable products, such as chry- 
sophanic acid — C14H8O4, aldin^ frantic acu£ — C\J^-v5^vi 
&LC, also yield anthracene oti d\s\3Aa>cioxi^^'c^ 
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Anthracene forms dazzling white four- or six-sided tables, 
which exhibit a magnificent violet fluorescence ; it melts at 
213® and boils at about 360**. By prolonged exposure to 
sunlight it undergoes a remarkable physical alteration, being 
converted into so-called paranthracme^ which melts at 244° 
and differs in many respects from ordinary anthracene, but 
is reconverted into anthracene on fusion. 

Anthracene combines with nascent hydrogen (from sodium 
amalgam and alcohol), forming anthracene dihydride, and 
if heated with hydriodic acid and phosphorus to 200*^-220°, 
it is converted into anthracene hexhydride, C14H16. At a 
red heat the latter is resolved into anthracene and hydrogen. 

The products of the action of bromine on anthracene are 
di-, tri-, and tetrabromanthracene, and dibromanthracene- 
tetrabromide, CuHgBrg. 

Anthracene is readily oxidised to anthraquinone by the 
action of nitric acid, or of a mixture of potassic dichromate 
with sulphuric acid : C14H10 + 30 = CuHgOj + OH2. 

Anthraquinone is also obtained by oxidising dichlor- or 
dibromanthracene : C14H8CI2 + O2 = C^HgOa + CI2. 

Anthraquinone is readily converted by the action of 
bromine into dibromanthraquinone ; if this body be carefully 
fused with potassic hydrate, the mass assumes a violet colour, 
and then contains the potassium derivative of alizarin (dioxy- 
anthraquinone) ; thus : 

Ci4H6Br202 + 2KHO = Ci4He02(OK)2 + 2KBr + 2OH2. 

On the addition of an acid to the aqueous solution of the 
fused mass, the crude alizarin is thrown down as a yellow 
precipitate, and may be obtained pure by carefully subliming 
the dry precipitate, in the form of beautiful red prisms. 
Alizarin dissolves readily in alkalies or alkaline carbonates 
forming deep purple-coloured solutions. 

In manufacturing alizarin on the large scale, sulphuric 

add is employed, instead of bromine; but when it is prepared 

in this manner several other bodies aie a\&o ioroved, viz. 
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two dioxyanthraquinones isomeric with alizarin, called an- 
thraflavic and isoanthrqflavic add\ and two trioxyanthraqui- 
nones, CuH502(OH)3, anthrapurpurin and flavopurpurin, 
isomeric with the purpurin which accompanies alizarin in 
the madder root The formation of these different bodies 
is accounted for in the following manner. The first product 
of the action of sulphuric acid on anthraquinone is anthra- 
quinone-monosulphomc actdy Ci4Hy02(S03H); on heating 
the sodic salt of this acid with sodic hydrate, the group 
SOaNa is replaced by the group ONa, and the sodic deri- 
vative oi nwnoxyanthraquinone, Ci4H702(OH), is produced, 
but on further heating, this latter undergoes conversion into 
sodic alizarate: CHH702(ONa)+ NaOH = Ci4H602(ONa)2 
+ H. By the continued action of the acid on anthraquinone, 
a mixture of two isomeric disulpho-acids is produced which 
are distinguished by yielding sodic salts of different solu- 
bility. By fusing the less soluble sodic salt with sodic 
hydrate, sodic anthraflavate is produced; and the more 
soluble salt, when similarly treated, )delds sodic isoanthra- 
flavate. Like sodic alizarate, however, these products are 
both further acted upon by the sodic hydrate, the former 
being converted into flavopurpurate and the latter into 
anthrapurpurate. 

By heating anthracene with nitric aid, anthraquinone is 
first formed, but is converted, on further heating, into di- 
nitroanthraquinone. This body has the property of com- 
bining with all the solid hydrocarbons present in coal-tar, 
forming crystalline compounds which are readily decom- 
posed by alkalies ; thus it unites with anthracene to form the 
compound Ci4Hjo.CuH6(N02)202. 

Coal-tar oil also contains anisomeride of anthracene termed 
phenanthrency which closely resembles anthracene in appear- 
ance, but melts at loo** and boils at 340**, and is further 
characterised and distinguished from anthracene by its 
behaviour on oxidation, whereby it fe fex. cio^s^^'^iVxs^^ 
a quinone, C14H8O2, isomeric Vv^ ^xiSM^Q5ivs^^'^^ 
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on further oxidation, yields a dibasic acid of the formula 
Ci4Hg04 (diphmic add). Anthraquinone cannot be further 
oxidised On distillation over soda-lime heated to redness, 
phenanthraquinone yields diphenyl, CiaHjo, thus : 

CuHgOa + 4NaOH = C,jHi2 + aNaaCOa + H2, 

whilst anthraquinone, when similarly treated, yields benzene: 

CuHgOa + 4NaOH = 2C6H6 + 2Na2C03. 

Phenanthrene forms with bromine a crystalline dibromide. 

Naphthalene, anthracene and phenanthrene, it will be ob- 
served, closely resemble benzene in their general chemical 
behaviour; they are consequently represented by very similar 
symbols, the following being those usually employed: 



H H 

HC 



C C CH HC/^^C— C-C^ \CH 



I II II I I I II 

HC C CH HCv //C—t—C^ >CH 

C C H H 

H H 

Naphthalene. Anthracene. 

H H H H 

H \C=C^ H 
H H 

Phenanthrene. 

The numerous cases of isomerism presented by the de- 
rivatives of naphthalene and anthracene are readily .explained 
by the application of Kekuld's hypothesis of isomerism in 
the benzene series (pp. 127-132). 

CflHjn-M SERIES OF HYDROCARBONS. 

The following hydrocarbons of diis series ax^Vacswix — 
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Melting-pouit 


Boiling-point 


Diphenyl 


C12H10 


60° 


240° 


Acenaphthene 


C12H1Q 


95° 


268° 


Diphenylmethane 


C13H12 


aeo-s 


261° 


a-Ditolyl 






I2I<» 




/3-Ditolyl 


» 


CuHh 


liquid 




Dibenzyl 
Benzyltoluene . 




52°. 


284° 




liquid 


277*> 


Benzylethylbenzene 




liquid 


294'' 


Benzylmetaxylene 


■ G15H16 


liquid 


295" 


Benzylparaxylene , 




liquid 


294° 



Excepting acenaphthene all these act as saturated com- 
pounds, yielding substitution-derivatives when acted upon by 
bromine, nitric acid, &c., and not fonning additive com- 
pounds. 

Diphenyl, CiaHj, = CgHs-CeHa, is produced— i. By 
passing benzene vapour through a red-hot tube > 2C6H6 = 
Cia^iQ 4. Hg. 2. By the action of sodium on monobromo- 
benzene : 2C6H5Br + Nag = 2NaBr + C12H10. Diphenyl 
crystallises in beautiful white iridescent nacreous scales which 
melt at 70° ; it is converted into benzoic acid on oxidation. 

DiTOLYL, CuHi4 = CH3.C6H4.C6H4.CH3.— The two 
isomeric modifications are obtained by the action of sodium 
on the two isomeric monobromotoluenes (p. 125), the a-modi- 
fication being formed from the crystalline bromotoluene. 

Dibenzyl, C14H14 = C6H5.CH2.CH2.C6H5, metameric 
with ditolyl, is prepared by acting upon benzylic chloride 
with sodium. 

Diphenylmethane (Bmzylhenzene)y C6H5.CH2.C6H6 = 
C13H12. — Benzylic chloride has but slight action on benzene 
at temperatures below 100**, but if finely divided zinc or 
copper be added, and the mixture gently heated, reaction 
takes place readily, hydrochloric acid is evolved, and 
diphenylmethane is formed, together with products of higher 
boiling-point not yet examined. The reaction vtVikJcs. ^^^^oqks. 
may be formulated thus: CcH^ \ CT^n^\=-^0. -V ^\.5^x^- 
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A certain amount of the metallic chloride is first formed, 
and recent experiments of Friedel and Crafts show that this, 
and not the metal, is the active agent, but the nature of its 
influence is obscure. Aluminic chloride is a still more 
powerful agent in effecting this and similar reactions (comp. 
p. 126). Thus triphenylmethane^ CH(CeH5)3, is obtained 
by its action on a mixture of benzene and trichloromethane ; 
and a mixture of tetrachloromethane and benzene yields 
tetraphenyltnethane^ C(C6H5)4. 

Diphenylmethane is also obtained by the acdon of sul- 
phuric acid on a mixture of benzene with benzylic alcohol 
or formic aldehyde : ' 

CeHe + CeH5.CH2(OH) = QVL^{C^VL^\ + OH^. 

2C6H6 + CH2O = CH2(C6H5)2 + OH2. 

Diphenylmethane is converted on oxidation into the 
ketone, benzophenone : 

C6H5.CH2.C6H5 -f- O2 = CgH5.CO.C6H5 + OH2 ; 

the homologous benzyltoluene yields mdhylhenzophmone : 
CgH5.CH2*CQH4.CH34'O2^C0H5«CO.C6H4.CH3-f'OH2, 

which on further oxidation yields benzoylbenzotc acid : 
C6H5.CO.C6H4.CH3+30=C6H6.CO.CeH4.C02H+OH2. 

AcENAPHTENE, Ci2H]o. — ^This hydrocarbon is contained 
in heavy coal-tar oils, and separates from the portion boiling 
between 270^-300** in large transparent prisms which melt at 

' The various metliods of obtdning diphenylmethane (and its homo- 
logues) aiford most striking examples of the fact that a reaction possible 
between two bodies often does not take place until a third is introduced 
having a tendency to combine with, or be acted upon by, one of the 
products of that reaction. Thus no change occurs when benzene and 
benzylic alcohol are mixed until sulphuric is- added, which then induces 
reaction apparently in virtue of the tendency which it has to enter into 
combination with water-<— a product of the Teaydion. 
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95®. In chemical behaviour it diflfers entirely from the other 
members of the series. Thus it imites directly with bromine 
to form a ciystalline hexbromide, Ci2H|oBre; it also com- 
bines with trinitrophenol forming the compound C12H101 
C6H3(N02)30, which crystallises in orange-yellow needles. 
Acenaphtene is formed on passing naphthalene vapour 
and ethylene gas through a heated porcelain tube : CioHg 
+ C2H4 = C12H10 + H2. Also by strongly heating ethyl- 
naphthalene, Ci2H,2 = Ci2Hio + H2 ; or by the action of 
potassic hydrate on the first product of the action of bromine 
at 180® on ethylnaphthalene : 

C12H12 + Br2 = Ci2HiiBr -J- HBr; 
CiaHiiBr + KHO = CiaHjo + KBr 4- OH2. 

These reactions show that acenaphthene bears somewhat 
the same relation to ethylnaphthalene that cinnamene bears 
to ethylbenzene, or ethylene to ethane. On oxidation it is 
converted into naphthalic acid : Ci2H804=CioHe(C02H)2, 
which on distillation with lime yields naphthalene. 



CHAPTER VI. 

ALCOHOLS. 

By virtue of their modes of formation, the alcohols may be 
regarded as a class of bodies derived from the hydrocarbons 
by the substitution of hydrogen in the latter by the monad 
radicle hydroxyl, (OH). They may be termed monohydriCy 
dihydrtCy trihydnCy &c, according to the number of imits of 
hydrogen thus supposed replaced in the parent hydrocarbon. 

C«H2„+i.0H, OR ETHYLIC SERIES OF MONOHYDRIC ALCOHOLS. 

The alcohols of this series are derivatives of the ^araf5sN&\ 
the following terms are known : — 
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Methylic alcohol 


• • 


. CH3.0H 


Ethylic „ 


• • 


. C2H5.OH 


Propylic „ 


• • 


. C3H7.OH 


Tetrylic or butylic 


alcohol 


• . ^4x19.0x1 


Pentylic or amylic 
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. . CsHjj.OH 


Hexylic alcohol 




. . 05x113,011 


Heptylic „ 




• CyHis.OH 


Octylic „ 




. (JgXl]7.0xi 


Nonylic „ 




. GgXlig.Oxi 


Cetylic „ 




..C]eH33.0H 


Cerotic „ 




. CS7H55.0H 


Melissic „ 

1 • • % % 


« ^ .« 


. CsoHgi.OH 



The isomeric alcohols of the series, of which a consider- 
able number exist, are divisible into the three groups of 
primary, secondary, and tertiary alcohols. Each of these 
groups is especially characterised and distinguished from the 
others by the behaviour on oxidation ; moreover the boiling 
points of the primary alcohols are always higher than those 
of the corresponding secondary, and the boiling points of 
the latter higher than those of the corresponding tertiary 
alcohols. 

A systematic descriptive nomenclature for these alcohols 
has been proposed by Professor Kolbe, who applies to them 
the generic name of carbinoh. The first term, methylic 
alcohol, is called carbinol, and the homologous alcohols are 
regarded as derived from it by the replacement of hydrogen 
by monad radicles of the form CnHgn + 1 \ thus ethylic 
alcohol is methylcarbinol — CH3.CH2.OH, propylic alcohol 
is ethylcarbinol — C2H5.CH2OH, &c. Those alcohols 
which, by reason of their modes of formation, may be re- 
garded as derived from carbinol by the substitution of only 
one unit of hydrogen in it, by a monad group of the form 
CaH2n+i, are termed primary alcohols; if the replacement 
occuT twice, a secondary alcohol is produced ; finally, if all 
three units of hydrogen in caibmoV ate xe^laeed by three 



Hs): 



:lcarbinol 
ohol 



f (C3H,)P 

opylcarbinol 
-P. 132° 



/ 





NORMAL TERTIARY. 




ISOTERTIARY. 




Tertiary Heptylic Alcohols. 


, 


♦ 


f(CsH,)^ 


C(CH,), 




C- 


C2H4 p 
CH, ^ 


CH, 
CH, 






I OH 


I OH 




Methylethyl- Dimethyltertiary- 
isopropylcarbinol butylcarbinol 






B.P. 124O-127O B.-P. 132° 




fCHa 




c- 


CH3 
CH3 
lOH 




Trimethylcarbinol 




B.-P. 82°-5 




fC,H« 




C^ 


CH3 
CH3 
I OH 


*• 


Ethyldimethylcarbinol 




B.-P. 102O 






C,H, [(C3H,)a 


fCHCCHa), 


c- 


CH3 ^ 


CH3 
CH3 


c- 


CH3 
CH3 




iOH 


IOH 




I OH 


Diethylmethylcarbinol Propyldimethyl- 
B.-P. ii9°-i2i° carbinol 


Isopropyldimethyl- 


carbinol 


B.-P. ii4°-ii70 


B.-P. xx2<'-ii3<» 




[C^Hs 


C,H,)a 


fCHa.CHCCHa) 


Ch 


C2H5 ^^ 


QH, 


P 1 CH3 
^ CH3 
loH * 




C2H5 


CH, 


I OH 


lOH 


Triethylcarbinol Methylethyl- 


Isotetryldimethylcar- 


B.-P. i40*'-i42° propylcarbinol 

B.-P. X3s°-x380 


binol 
B.-P. i23°-x320 


'(C3H,)« 




C 


C2H5 
C2H5 






— 


k 







IOH 

PropyldiethylcarbinoV 

(Decomposes |>ardaUy 

on distillation) 



144 



Organic Chemistry. 



Methylic alcohol 


• • 


. CHj.OH 


Ethylic „ 


• • 


. C2H5.OH 


Propylic „ 


• « 


. CjHt.OH 


Tetrylic or butylic 


alcohol 


• . 04rlg.0xx 


Pentylic or amylic 


» 


. . CsHu.OH 


Hexylic alcohol 




. C6H13.OH 


Heptylic „ 




. C7H15.OH 


Octylic „ 




. GgxXj^.Ori 


Nonylic „ 




. Cgriig.Oxi 


Cetylic „ 




. .C16H33.OH 


Cerotic „ 




. C27H55.OH 


Melissic „ 
1 • • 1 1 


« /• .1 


• C3oHei.OH 



The isomeric alcohols of the series, of which a consid 
able number exist, are divisible into the three groups 
primary, secondary, and tertiary alcohols. Each of th< 
groups is especially characterised and distinguished from 1 
others by the behaviour on oxidation ; moreover the boili 
points of the primary alcohols are always higher than th( 
of the corresponding secondary, and the boiling points 
the latter higher than those of the corresponding terti; 
alcohols. 

A systematic descriptive nomenclature for these alcoh 
has been proposed by Professor Kolbe, who applies to thi 
the generic name of carbinols. The first term, meth) 
alcohol, is called carbinol, and the homologous alcohols ; 
regarded as derived from it by the replacement of hydro^ 
by monad radicles of the form CnHgn + 1 ; thus eth] 
alcohol is methylcarbinol — CH3.CH2.OH, propylic alcoj 
is ethylcarbinol — C2H5.CH2OH, &c. Those alcoh 
which, by reason of their modes of formation, may be 
garded as derived from carbinol by the substitution of o: 
one unit of hydrogen in it, by a monad group of the fo 
CaH2n+i, are termed primary alcohols; if the replacem- 
occur twice, a secondary alcohol is produced ; finally, if 
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such groups, a tertiary alcohol results. The three classes 
of monohydric alcohols of the ethylic series may thus be 
represented by the following general expressions : 

CH8.0H. 

CarbinoL 

CHj(C„Hj.+,).OH; CH(C„H,„^.,),.OH; C(C„Hj.+,),.OH. 

Primary CarbinoL Secondary CarbinoL Tertiary CarbinoL 

GENERAL METHODS OF FORMATION OF THE ALCOHOLS 

OF THE CnHgn+i-OH SERIES. 

Normal Primary Alcohols^ C(CaH2n + i)H2.0H. — i. The 
normal primary paraffins are converted by the action of chlo- 
rine into monochlorinated derivatives ; the monochlorinated 
paraffins thus produced are acted upon by argentic or potassic 
acetate, and llie ethereal salts so formed then saponified by 
potassic hydrate, whereby the required alcohols and potassic 
acetate are produced : 

CnH2n+2 + Clg = CaH2n+iCl + HCl ; 

CnH2n+lCl + AgC2H302 = CnH2„+ ,.C2H302 + AgCl ; 

CnH2n+ i.C2H30a + KHO ^ CnH2n+l.0H + KC2H302* 

It is to be remembered, however, that two isomeric mono- 
chlorinated paraffins are usually produced simultaneously 
by the action of chlorine on a normal primary paraffin 
(p. 85). Only one of these— that of higher boiling-point — 
yields a normal primary alcohol ; that of lower boiling-point 
3rields a normal secondary alcohol. 

2. The action of nascent hydrogen (sodium amalgam) 
on the normal primary aldehydes of the acetic series : 

CnH2n+l.COH + H2 =! CnH2n+ I'CHa.OHL 

This method affords the means of ascending the series of 
normal primary alcohols. Thus methylic alcohol may be ob- 
tained from formic aldehyde: HCOH + Hj = CHs.OH, and 
may then be converted into iodomethane) Ctt^^Vs^ ^<^ •!ijec^<3«». 
of hydriodic acid, from which, by \3afc a.c>L\wv ^1 ^'cN^s&v^ 
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cyanide, cyanomethane, CHyCN, is obtained. Cyanomethane 
is converted by digestion witili sodic hydrate into sodic acetate: 

CHj.CN + NaOH + OH, = CHyCO^Na + NH,, 

which on distillation with sodic formate yields acetic aldehyde: 
CHyCOaNa + HCOjNa = CH3.COH + NaaCOy 

Finally, by the action of nascent hydrogen on acetic aldehyde, 
ethylic alcohol is obtained: CHyCOH + Har^CHyCHyOH. 
In like manner, ethylic alcohol may be converted into primary 
propylic alcohol, and this again into primary butylic alcohol, &c. 

3. The action of nascent hydrogen on the anhydrides of 
the normal primary acids of the acetic series : 

CnHanr.Co)^ + 4H2 = 2C^Han+,.CH2.0H + OHg. 

Isoprimary Alcohols, — ^These are isomeric with the nor- 
mal-primary alcohols, than which they invariably possess 
lower boiling-points. They are produced by the action of 
nascent hydrogen on the isoprimary aldehydes of the 
CnHan^-iCOH series. Several are obtained as by-products 
in the manufacture of ordinary alcohol by fermentation. 

Normal Secondary Alcohols ^ C(CnH2n+i)2H.OH. — ^These 
are prepared by the action of nascent hydrogen on the 
normal primary ketones of the form CO(CnH2n+i)2 • 

CO(CnH2n+i)2 + H2 = C(CaH2n+i)2H.OH. 

The ketones isomeric with the normal primary ketones 
yield isosecondary alcohols. Normal secondary alcohols 
are also formed from the normal primary paraffins (p. 145). 

Tertiary Alcohols^ C(CnH2n+i)3.0H. — ^These are obtained 

by the action of the zinc organo-metallic compounds on the 

acid chlorides of the form CnH2n+i.C0Cl, the product being 

allowed to stand some time and then tteaX.t^m^\«^\sx. A. 
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series of reactions occur, the following being probably the 

first: 

CnHjto+iCOCl + Zn(C„H2«+,), = 

(CnH^V0.CCl(OZnC,H^+0; 
this compound, however, is further slowly acted upon : 

(CnH^+,),CCl(OZnCnH^+i)+ Zn(Q,H^+,),= 

(CnH^+i)3C(OZnC„H^^0 + ZnCl(C,H^+0; 

and in the last stage the compound thus formed is converted 
by the water into a tertiary alcohol, a paraffin, and zincic 
hydrate : 

C(CnH^+i)3(OZnQ,H^^0 + 2OH2 = C(aH^+,)3.0H 

+ CnHto+, + Zn(0H)2. 

By employing a different zinc compound to effect the second 
reaction, alcohols containing three jdifferent radicles may be 
formed, such as methylethylpropylcarbinol (see table). 

Other general methods of preparing alcohols of the 
CnH2n+i.0H series, but which sometimes give rise to the 
formation of primary, sometimes to the formation of second- 
ary or tertiary alcohols, are the following : — 

1. The action of nascent hydrogen on the chlorinated 
alcohols formed by the direct union of. the olefines with 
hypochlorous acid : 

CnHa^ + ClOH = C„H2„C1.0H ; 

CnH2nd.Oxl + H2 ^ Cnrl2n+l»OH + HCl. 

2. The action of water on the products of the direct union 
of the olefines with concentrated sulphuric acid : 

CnH2n + H2SO4 = CnH2n+l'HS04 ; 
CnH2n+l»HS04 + OH2 = CnH2n+i»0H + H2SO4. 

3. The action of potassic or argentic acetate on the 
moniodo-paraffins obtained by the union of the olefines with 
hydriodic acid, and subsequent saponification of the ethex^ak 
salts thus formed by potassic IvydiaV^, 

L 2 
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4. The decomposition of the nitrites of the amine bases 
by application of heat to their slightly acidulated solutions ; 

CnH2„+iNH3(N02) = CnH2„+,.0H + Na + OH^. 



GENERAL PROPERTIES OF THE ALCOHOLS OF THE 

CnHgn+i-OH SERIES. 

The first nine members of the series are colourless liquids 
at ordinary temperatures ; ^ methylic, ethylic, and propylic 
alcohols are extremely mobile fluids, soluble in water in all 
proportions, but the higher members are more or less oily, 
the viscidity increasing, and the solubility in water rapidly 
decreasing as the series is ascended ; the specific gravity 
also increases as the alcohols become more complex. They 
all possess more or less characteristic odours. 

Behaviour on Oxidation, — Primary Alcohols, — ^The oxida- 
tion of the primary alcohols occurs at two stages: at the first, 
an aldehyde is produced, which on further oxidation is con- 
verted into an acid of the acetic series containing the same 
number of units of carbon as the alcohol oxidised : 

CnHan+i.CHa.OH + O = QHan+i-COH + OH2. 

Primary alcohol. Aldehyde. 

CftHjn+i.COH -|- O = CnH2n+ 1.CO2H. 

Aldehyde. Acid. 

In most cases also a portion of the acid reacts at the 
moment of formation on the alcohol under oxidation, to 
form an ethereal salt (a so-called compound ether), thus : 

CnH2n+l'C02H + CnH2n+i.0H = OH2 + 
Acid. Alcohol. 

CaH2n+i'C02(CnH2n+i)' 

Ethereal salt 

The primary alcohols therefore may furnish three distinct 

' Tn'metbylcarbinol, and a few other letl\arj alcohols are crystalline 
solids. 
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products on oxidation ; the relative proportions in which 
these are obtained depends entirely on the conditions of 
experiment : on the temperature, on the nature of the 
oxidiser employed, on the amount of water present, and 
also probably on the nature of the alcohol. 

Secondary Alcohols, — Secondary alcohols are invariably 
converted into ketones, and by the continued action of the 
oxidiser, these latter are resolved into one or more acids of 
the acetic series, containing.^?ze/^ units of carbon than the 
alcohol oxidised (see ketones) : 

C(C^H2n+i)2H.OH + O = OH2 + CO(C,H2n+l)2. 
Secondary alcohol Ketone. 

CO(CnH2n+i)2 + 03 = CnH2n+l.C02H + CnH2n02. 

Ketone. Acid. Acid. 

Tertiary Alcohols, — ^A number of these are resolved on 
oxidation into a ketone and an acid of the acetic series : 

C(CnH^+,)3.0H +30 = C0(CnH^+i),+.C«H^02 + OH2. 

Tertiary alcohol. Ketone. Acid. 

This is in all probability the normal reaction, although 
the formation of a ketone as first product has not been 
demonstrated in all cases ; but that this should have some- 
times escaped observation is not surprising, since the ketones 
are themselves readily oxidised. The sole product ob- 
tained fi:om certain of the tertiary alcohols has been, in fact, 
a mixture of acids of the acetic series (compare p. 216). 

The three classes of isomeric alcohols are therefore readily 
distinguished by the behavioiu: on oxidation, for whilst the 
primary alcohols yield an aldehyde, and (as final product) 
an acid containing the same number of units of carbon as 
the parent alcohol, the secondary alcohols yield a ketone 
containing the same number of units of carbon as the 
alcohol oxidised, which is resolved, on fiirther oxidation, into 
an acid (or mixture of acids) containing fewer units of 
carbon than itself, and the tertiary alcohols either fiimish 
a ketone/ZK/j an cuid^ or a mixtvire oi acA'&^cA^'i^^'^ia'^'yecv^^, 
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Other Reactions of the Alcohols oftJie CnHgn+i-OH Series, — 
They are readily attacked by potassium or sodium with 
evolution of hydrogen and formation of metallic derivatives : 

2C„H2„+i.OH + Naa = 2CnH2n+i.ONa + Hg. 

These bodies are decomposed by water: the alcohol is 
reproduced, and a metallic hydrate is formed : 

CnHjjn+i.ONa + OH2 = CnHgn+iOH + NaHO. 

2. They react with nearly all the oxacids to form ethereal 
salts (compound ethers), e.g. : 

CnH2,+i.0H + HNO3 = C,H2,+i.N03 + OH2. 

3. By the action of various dehydrating agents, such as 
zincic chloride, sulphuric acid, &c., at moderate tempe- 
ratures on these alcohols, the elements of water are with- 
drawn, and the corresponding olefines obtained : 

CnH2n+i.OH = OH2 + CnH2n. 

4. They are invariably converted by the action of the 
haloid acids, or of the haloid phosphorus compounds, into 
mono-haloid derivatives of the corresponding paraffins : 

CnH2n+l«0H -H HI = CnH2n+iI + OH2. 

3CnH2n+i.OH -h PBra = 3CnH2n^iBr -h PH3O3. 
C^H2n+,.0H + PCl5=C„H2„+iCl+POCl3-hHCl. 

3CnH2n+1.0H + POCI3 = 3CnH2n+lCl + PH3O4. 

5. On distilling them with phosphoric pentasulphide, the 
corresponding thio-alcohols (mercaptans) are produced : 

5C,H2n+i.OH + P2S5 := 5^11^20+ I'SH + P2O5. 

MEfHYLic Alcohol or Carbinol (Wood or Pyroxylic 

Spirit), CH4O = CH3.OH. — No isomeric modifications of 

this, the first member of the series, are known. It has been 

prepared by the first and second general methods from 

methane and formic aldehyde, and by the following special 

methods. 
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1. Hydrocyanic acid is converted by the action of nascent 
hydrogen into methylamine : 

HCN + 2H2 = H3C.H2N, 

and the nitrite of this base is decomposed by boiling its 
acidulated aqueous solution : 

CH3.H3N(N02) = CH3.OH + N2 + OH2. 

2. By saponification of wintergreen oil (the essential oil 
of GatUtheria procumbens) with potassic hydrate: 

Methylic salicylate. Potassic salicylate. 

C6H4(OH).C02.CH3 + KHO = C6H4(OH).C02K + 

CH3.OH. 

The chief source of methylic alcohol, however, is crude 
wood vinegar, the watery liquid obtained by destructive 
distillation of wood. Hence the name wood or pyroxylic 
spirit^ which is often applied to this alcohol. 

The watery liquid is distilled, and the more volatile portion 
which first passes over is collected apart ; this distillate is 
neutralised with slaked lime, the clear liquid is separated from 
the excess of lime, and from the oil which floats on its surface, 
and is redistilled, and the product several times rectified over 
quicklime, at the heat of the water-bath. Pure alcohol is 
obtained firom this comparatively crude product, by dissolving 
calcic chloride in it, with which it unites to form a crystalline 
compound, CaCl3,2CH40. After pouring off any oily liquid 
from the solid cake which forms, the latter is heated for some 
time on the water-bath, in a current of carbonic anhydride, or is 
strongly pressed between folds of bibulous paper ; finally, water 
is added (which decomposes the compound CaCl^, 2CH^0) and 
the alcohol distilled off ; if necessary, this is again converted 
into the solid compound, &c. The aqueous alcohol thus obtained 
is rendered anhydrous by rectifying, first over quick lime, and 
then over dehydrated cupric sulphate. The pure alcohol may 
also be obtained by converting the crude alcohol mto ms.^!K?^^^ 
oxalate, C304(CH3)2, a soM subsUivc^^XvxOc^vs^x^'Js^^^^^*^^ 
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by recrystallisation, by distilling a mixture of equal parts of the 
alcohol, sulphuric acid and oxalic acid ; the purified oxalate is 
then decomposed by water, the alcohol distilled off, &c. 

Pure methylic alcohol closely resembles ordinary or ethylic 
alcohol in odour and taste, but the crude alcohol has an 
extremely oflfensive smell and taste. It possesses all the 
solvent properties of ordinary alcohol, and is therefore 
largely substituted for it in various industrial processes. 
It boils at about 66°. 

Methylated spirit is a mixture of 90 per cent, ethylic alcohol 
(sp. gr. about '83) with 10 per cent, partially purified wood spirit ; 
this mixtiu*e may be employed for the greater number of purposes 
for which alcohol is ordinarily used, at the same time it cannot 
be separated into its constituents by distillation, and it is ren- 
dered quite unfit for consumption by the small admixture of 
impure wood spirit, in consequence of which it is allowed by the 
legislature to pass duty free. 

Ethylic Alcohol, or Methylcarbinol {Alcohol^ Spirit 
of Wine): C2H60=C2H5.0H=CH8.CH2.0H.— Isomerides 
of this alcohol are also imknown. It has been prepared by 
the general methods from ethane, acetic aldehyde, and acetic 
anhydride, and by the four additional methods referred to on 
pp. 147-148. The greatest interest attaches to the formation 
of alcohol from ethylene, since ethylene maybe prepared from 
acetylene, which is the only known hydrocarbon that can be 
obtained by the direct union of its elements. The synthesis is 
eflfected by combining the ethylene with sulphuric acid, and 
subsequently distilling the product — hydric ethylic sulphate, 
sulphovinic ««//— with water : 

C2H4 + H2SO4 = C2H5.HSO4 ; 
C2H5.HSO4 + OH2 = C2H5.OH + H2SO4. 

The combination of ethylene with sulphuric acid takes place 
very slowly, it is therefore necessary to encVo^^ iVva foxm^r^ 
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together with a sufficiency of the latter, in a capacious glass flask, 
and to agitate violently for a considerable time. 

On the large scale alcohol is always prepared by the fer- 
mentation of sugar. When a solution of cane-sugar, or 
grape-sugar (glucose — CgHiaOe) is mixed with beer yeast, a 
peculiar change, technically called fermentation^ is induced, 
whereby the glucose is resolved into alcohol and carbonic 
anhydride : CsHiaOe = 2CO2 + sCaHgO. Cane-sugar is 
first converted into glucose by the assumption of water : 

Ci2H220]| -|- OH2 ^ 2C5Hi20e. 

The spirit first obtained by distilling a fermented saccharine 
liquid is still largely diluted with water ; by redistilling and 
collecting apart the first portions which pass over, a stronger 
spirit may be obtained, but, practically, one containing less than 
13 or 14 per cent, of water is never prepared by rectification 
alone. Rectified spirit of wine of commerce (sp. gr. '835) has 
about this strength; proof spirit has a specific gravity of '9198 
at 15*5** C. (60° F.), and contains 49 J per cent, of real alcohol 
Pure or absolute alcohol may be obtained from spirit of wine by 
allowing it to remain for some days in contact with fireshly 
burnt lime, and then distilling it off by the heat of a water-bath ; 
or the dehydration may be more rapidly effected by digesting the 
spirit, at its boiling-point, with the lime, in a retort connected 
with a condenser to prevent volatilisation and loss of alcohoL 

Pure alcohol is a colourless, highly mobile liquid of pungent 
and agreeable taste and odour ; it has a specific gravity of 
•7938 at 15*5** C. It is very inflammable and bums with a 
pale-bluish, scarcely luminous, smokeless flame. Alcohol 
boils at 78°*4 under a pressure of 760 mm. of mercury ; it 
has never yet been firozen, hence its employment in the manu- 
facture of thermometers to indicate very low temperatures. 
It is an extremely hygroscopic substance, attracting moisture 
with great avidity ; it is miscible with water in all proportions, 
and in the act of dilution heat is evolved, and contractiow<i£ 
volume occurs. 



154 Organic Ctieftiistry, 

A very careful series of determinations of the specific gravity, at 
various temperatures, of solutions containing known quantities 
of alcohol and water, both by volume and by weight, have been 
made, and from these tables have been constructed, which are 
to be found in all the larger works on chemistry. In practice, 
the percentage of alcohol in a given aqueous solution is always 
thus ascertained by determining its specific gravity at a known 
temperature, and then referring to such a table of strengths. 
Hydrometers are also constructed with scales marking directly 
the percentage of alcohol by volume, and sometimes also by 
weight, of the spirit in which they are immersed. Such instru-' 
ments are known as alcoholometers. 

Alcohol enters into combination with certain salts to form 
crystalline compounds termed alcoholates^ which are salts 
containing alcohol in the place of water of crystallisation. 
Such are the following : 

ZnCl2,2C2H60 ; CaCl2,4C2H60 ; Mg(N03)2,6C2H60. 

These alcoholates are decomposed by water. 

Potassium and sodium dissolve in alcohol with evolu- 
tion of hydrogen : 2C2H5.OH + Na2 = 2C2H5.0Na + Hj. 
By employing an excess of alcohol, sodic ethylate may be 
obtained crystallised, combined with alcohol in the propor- 
tions indicated by the formula C2H5.0Na,3C2H60. 

On oxidation, alcohol is converted into aldehyde, C2H4O, 
and finally into acetic acid, C2H4O2. 

Chlorine is rapidly absorbed by anhydrous alcohol with 
considerable evolution of heat ; the chief end-product is 
chloral alcohokUe^ but a number of intermediate and also of 
secondary products are obtained, the formation of which 
may be traced as follows : — 

By the first action of the chlorine, a portion of the alcohol is 
converted into aldehyde, and probably this conversion occurs at 
two stages, as represented by the following equations : 

7;CH,.CHa.0H + Cl^ = CHyCHCLOH + HCl, 
2)CH^.CHC10H - CHyCOH ^ HCV 



Action of Chlorine on Alcohol. 155 

The aldehyde thus formed unites, partially at least, with a 
further portion of alcohol, forming acetal : 

CH5.COH + 2C3H5.OH = CHj.CH(OC5^5)j, + OH3, 

which by the continued action of the chlorine is successively 
converted into mono-, di-y and irichloracetal : 

CH3.CH(OC,H5)a + 3CL, = CC1,.CH(0C3H5)3 + 3HCI. 

AcetaL TrichloracetaL 

Finally, the latter is acted upon by the hydrochloric acid 
generated in the previous reactions, (or in part perhaps by water) 
and converted into chloral alcoholate and monochlorethane : 

CCVCHCOCaHj), + HCl = CCI3.CH.OH.OC3H5 + Q^AfX. 

Simultaneously with these occur the following reactions. 
The hydrochloric acid which results from the first action of the 
chlorine on the alcohol partially converts the latter into mono- 
chlorethane : C3H5.OH + HCI-C3H5CI + OH3, and this at the 
moment of formation combines with a portion of the aldehyde 
produced, and yields m^;?£7chlorinated ethylic ether : 

C HyCOH + C5H5CI - CH3.CHCLOC3H5, 

which, by the continued action of the chlorine, is ultimately con- 
verted into tetrachlorinated ether, CCI3.CHCI.OC2H5. The pro- 
duct of the action of chlorine on alcohol also contains some 
chloral hydrate, CClj.CH(0H)2, formed either by the action of 
hydrochloric acid or water (or more probably of both) on the 
chloral alcoholate, or by the action of water [which is itself 
produced in the reaction] on the tetrachlorinated ether. 

The secondary products consist mainly of chlorinated deriva- 
tives of monochlorethane, C3H5CL 

The product obtained in the preparation of chloral hydrate 
by the action of chlorine on alcohol containing more or less 
water, is therefore extremely complex, but since chloral alco- 
holate and tetrachlorinated ether are readily resolved into 
chloral and alcohol, or chloral and monochlorethane, by the 
action of concentrated sulphuric acid, pure chloral hydrate is 
readily obtained by first ' thus separating the chloral, and sub- 
sequently converting it into the hydrate by mixing it with 
water. It is necessary at first to cool thft ^k-cJM^^ \s^ -sS^kl- 
wards the action must be assisted "b^ tVve ^.'^^\c."aJCv3^ qS.V^»&- 
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Propylic Alcohol C3H7.OH. — ^Two isomeric modifica- 
tions of this alcohol ore known, distinguished as normal 
propylic alcohol or ethylcarbinol, C2H5.CH2.OH, and tso- 
propylic alco/wl or dimethylcarbinol, C(CH3)2H.OH. The 
former of these is a primary and the latter a secondary alcohol 

Normal propylic alco/iol has been isolated from the mixture 
of alcohols produced on fermentation of various kinds of 
grain, and it is especially abundant in the spirit obtained on 
distillation of cider. It has been synthesised by all the 
general methods mentioned on pp. 145-146. 

It is converted into propionic aldehyde and propionic 
acid on oxidation : 

C2Hfi.CH2.OH + 02 = OH2 + C2Hfi.C0H ; 
C2H5.COH + O = C2H5.CO2H. 

Isopropylic alcohol is also produced, it is said, on fermenta- 
tion of grain. It is obtained from acetone by the action of 
nascent hydrogen : CO(CH8)2 + Hj = C(CH3)2H.OH ; 
from propylene, CaHg, by combining it with sulphuric add 
and distilling the resulting compound with water : 

CsHg + H2SO4 == C3H7.HSO4 \ 
C3H7.HSO4 + OH2 = C3H7.OH + H2SO4 ; 

and by the action of nascent hydrogen on dichlorhydrin^ a 
product of the action of hydrochloric acid on glycerin : 

C(CH2.0H)2H.OH + 2HCI = C(CH2C1)2H.0H + 2OH2; 
C(CH2C1)2H.0H 4- 2H2 = C(CH3)2H.0H + 2HCL 

Isopropylic alcohol is converted into acetone on oxidation : 
C(CH3)2H.0H + O = CO(CH3)2 + OH2, 

which by the continued action of the oxidiser is resolved 
into acetic acid, carbonic anhydride, and water : 

CO(CHs)2 + 2O2 = CHa-COoVl -V eO^ -V OR^ 



Butylic A Icokols. 157 

Isopropylic alcohol forms with water several hydrates of 
considerable stability ; it is impossible, for instance, to dehy- 
drate it with anhydrous cupric sulphate, one of the most powerful 
desiccating agents at the chemist's disposal One of these 
hydrates, 2CjH80,OH2, has the same percentage composition 
and very nearly the same boiling-point as ethylic alcohol. 

Relation of Propylic to Isopropylic Alcohol, — On the one 
hand the primary alcohol is convertible into propylene, 
C3H6J from which, it has been shown, isopropylic alcohol is 
obtainable ; on the other the /3-iodopropane formed on 
treating isopropylic alcohol with hydriodic acid is converted 
into propane by the action of nascent hydrogen, and this 
propane may be changed by the first general method (p. 145) 
into normal propylic alcohol. 

Tetrylic or Butylic Alcohol, C4H9.OH. — Four iso- 
meric modifications of this alcohol exist, namely : — 

Normal primary butylic alcohoL B.-P. 

Propylcarbinol CH3.CH2.CH2.CH2(OH) 116* 

Iso-primary butylic alcohol. 

Isopropylcarbinol CH(CH3)2.CH2(OH) 109^ 

Secondary butylic alcohol. 

Methylethylcarbinol CH(CH3XC2H4)(OH) 99" 

Tertiary butylic alcohol. 

Trimethylcarbinol C(CH3)3(OH) . . 82*'-5 

The normal primary alcohol has been obtained by the 
three general methods (pp. 145-146). It yields normal 
butyric acid on oxidation : 

C3H7.CH2(OH) + 02 = C3H7.CO(OH) + OH2. 

Isoprimary butylic alcohol is present in considerable quan- 
tity in the fermentation-product of sugar-beet molasses, from 
which it may be isolated by careful fractional distillation. 
It is converted into isobutyric acid on oxidation : 

CH(CH3)2.CH2(OH) + O^ = Ca^C^^c^C^VJ^^^. 



:o 



kO 



.0 



158 Organic CItemistry, 

Secondary butylic alcohol has been obtained by saponi- 
fying the acetate formed from the iodotetrane whidi is pro- 
duced by distilling erythrite with hydriodic acid : 

C4He(OH)4 + 7HI = C4HgI + 4OH2 + sl^. 
C4H9I + AgCaHjO, = C4H9.C2HaO, + Agl. 
C4H9.C,Ha02 + KHO = C4H9.OH + KC2H3O2. 

On oxidation it is converted into methylethylketone^ which 
on continued oxidation yields acetic add : 

C(CH3)(C2H5)H.OH + O = CO(CH3)(C2H5) + OH2 ; 
CO(CH3)(C2H5) + 03 = 2C2H4O2. 

Tertiary butylic alcohol is prepared by slowly adding 
acetic chloride to well-cooled zincic methide, and adding 
water to the product after it has stood several days. The 
first action probably takes place in two stages, thus: 

CH3COCI + Zn(CH3)2 = (CH3)2CCl(O.ZnCH3); 
(CH3)2CCl(O.ZnCH3) + Zn(CH3)2 = C(CH3)3(OZnCH3) 

+ ZnCLCHg. 

The subsequent action of water is represented by the 
equation : 

C(CH3)3(OZnCH3) + 2OH2 = C(CH,)3.0H + CH4 + 

Zn(HO)2. 

The oxidation-products of tripiethylcarbinol are wbutyric, 
acetic and formic acid, acetone, isobutylene, carbonic 
anhydride, and water. 

The primary reaction doubtless consists in the formation of 
acetone and formic acid : 

C(CH,VOH + O, = C0(CH3), + CH^Oa + OH^. 

The former is rapidly further oxidised to acetic acid, &c., and 

the latter to carbonic anhydride and water. The isobutylene is 

the product of a secondary reaction, whereby the alcohol is 

resolved into isohM\y\sxi<t and water •. C4HyOH = OHa + C4H8, 
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and which is probably the result of the dehydrating action ex- 
ercised by the sulphuric acid employed in the oxidising mixture., 
It is difficult to account satisfactorily for the formation of iso- 
butyric acid ; it must be regarded as the product of an isomeric 
change which cannot at present be traced. 

Relations of the Isomeric Butylic Alcohols, 

1. If normal primary butylic alcohol be converted into 
butylamine, C4H9.H2N, and the nitrite of this base be de- 
composed by boiling its acidulated aqueous solution, iso- 
primary butylic alcohol is obtained. 

2. By a repetition of this jnrocess on the alcohol thus 
formed, it is converted into tertiary butylic alcohol 

3. a-Iodotetrane obtained by the action of hydriodic 
acid on normal butylic alcohol yields on treatment with an 
alcoholic solution of potassic hydrate, a butylene which com- 
bines readily with hydriodic acid, but the product (y-iodo- 
tetrane)' is isomeric with the iodotetrane used at starting, 
being convertible by the ordinary method into secondary 
butylic alcohol. 

4. Isoprimary butylic alcohol may be converted into the 
tertiary alcohol by a variety of methods ; thus, for example, 
the /3-iodotetrane obtained from it by the action of hydriodic 
acid yields a butylene on treatment with an alcoholic 
solution of potassic hydrate which combines readily with 
concentrated sulphuric acid and with hydriodic acid ; if the 
product with sulphuric acid be distilled with water, or if the 
product with hydriodic acid be caused to act upon argentic 
acetate, and the resulting acetate be saponified by potassic- 
hydrate, tertiary butylic alcohol results. 

5. The butylene obtained by heating tertiary butylic 
alcohol with hydriodic acid, and decomposing the resulting 
5-iodotetrane by potassic hydrate, combines directly with 

^ o-Iodotetrane boils at 1 29® '5; /8 iodotetrane at 1 22° '5; 7-iodo- 
tetrane at 1 16®- 1 20° ; 5-iodotetrane at 9'&®-9Qp. 



i6o Organic Chemistry. 

hypochlorous add ; the resulting monochlorinated butylic 
alcohol is converted into isoprimary butylic alcohol by the 
action of nascent hydrogen. 

Pentylic or Amylic Alcohol, C5H,i.0H. — ^We are at 
present acquainted with six isomeric modifications of this 
alcohol, four of which are obtained by purely synthetic 
methods, and are comparatively little known. 

Isoprimary amylic alcohol or isobutylcarbinol is the chief 
constituent of the fiisel oil ^ obtained in the manu^ture 
of spirit by fermentation of grain and potatoes. Ordinary 
fusel oil, however, contains two isomeric modifications, 
which scarcely differ (if at all) in chemical properties, but 
are distinguished by their behaviour towards polarised light, 
the one having no action, the other rotating the ray con- 
siderably to the left The boiling-points of these two alcohols 
differ by at most 2°, that of the inactive being i29°-i3o% 
that of the active about 128®. 

They are separated by acting upon the mixture witli con- 
centrated sulphuric acid, and converting the hydric amylic sul- 
phates produced (CjHjj.OH + H3SO4 = CsH^i.HSO^ + OH3) into 
baric salts. The baric salt of the product from the active alcohol 
being about 2^ times more soluble in water than the correspond- 
ing inactive derivative, the mixed salts may be separated by 
repeated recrystallisation, and the pure alcohols then obtained 
bv distilling the pure baric salts with dilute sulphuric acid, &c. ; 

(QH^SOJaBa + 2OH3 = 2C5HH.OH + BaSO^ + HjSO^. 

It is said that the active alcohol becomes optically inactive 
when repeatedly distilled over sodic hydrate. 

Both modifications yield a valeric acid on oxidation : 

C4H9.CH2(OH) -^02 = C4H9.CO(OH) + OHg. 

The acid from the inactive alcohol is optically inactive; 
that from the active alcohol is strongly dextrorotary. The 

' Fusel oil is the portion, of higher boiling-point than ethylic alcohol, 
separated from the crude product of {e^nexllaL\ioIl^>7 ^^>c^Mvni. 
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two acids are further distinguished by the fact that the 
former yields a crystalline baric salt, whereas the baric salt 
prepared from the active acid cannot be obtained in the 
crystalline condition. 

The inactive alcohol is undoubtedly correctly represented 
by the formula CH(CH3)2.CH2.CH2(OH), since the valeric 
acid which it yields on oxidation may be obtained from 
isopropylcarbinol (see valeric acid). The active alcohol has 
the formula C2H5.CH(CH3).CH2(OH). 

Cetylic Alcohol^ CiqHjj.OH ; Cerotic or Cerylic Alcohol^ 
C37H55.OH ; and Melissic Alcohol^ CsoHgj.OH, which are re- 
spectively obtained by saponifying spermaceti (cetylic palmi- 
tate), Chinese-wax (cerylic cerotate), and myricin (melissic 
palmitate) — ^the portion of common bees'-wax insoluble in boiling 
alcohol, are white crystalline substances. They exchange (OH) 
for CI when acted upon by PCI5, and yield the corresponding 
acids of the CnHgn+i-COgH series on oxidation; on distillation 
they are partially resolved into water and the corresponding 
define. 

CnH2n-lOH OR ALLYLIC SERIES OF MONOHYDRIC 

ALCOHOLS. 

The alcohols of this series bear the same relation to the 
olefines that the alcohols of the ethylic series bear to the 
paraffins. The following are known : 

AUylic alcohol . . . . CH2:CH.CH2.0H 

Allyldimethylcarbinol . . C3H5.C(CH3)2.0H 

Allyldiethylcarbinol . . . C3H5.C(C2H5)2.0H 

Allyldipropylcarbinol . . C3H5.C(C3H7)2.0H 

Allylic Alcohol, C3H5.OH = CH2.CH:CH2(0H).— 
Preparation, — i. From allylic iodide, C3H5I, the product of 
the action of phosphorus iodide on glycerin (see glycerin). 

The iodide is converted into allylic oxalate, {(Z^^jZfi^ by 
acting upon it with argentic oxalate, AggCgO^, and the oxalate 
decomposed by ammonia, whereby allylic alcotvaV ^sA ^-^asssN.^^ 
are produced ; (C3H5)2C204+2NH^=2e^^.OVLA,C.^^5?^<> 
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2. By heating glycerin with oxalic acid Ip the first place 
the oxalic acid, H2C204y is resolved on heating into carbonic 
anhydride and formic acid; the latter then reacts on the 
glycerin to produce monoformin : 

C3H5(OH)3 + HCO2H « OH2 + C3H5(OH)j(O.HCO), 

which, on further heating, splits up into water, carbonic 
anhydride, and allylic alcohol: 

C,H.(0H)2(0.HC0) = OHj + CO2 + C3H5.OH. 

The mixture of four parts of glycerin and one part of oxalic 
acid is heated in a retort provided with a thermometer and 
connected with a condenser, the receiver being changed when 
the temperature rises to 195°, and the distillation continued 
from that point to 260®. When ordinary commercial oxalic acid 
is employed, a small quantity (about one per cent) of ammonic 
chloride is added. The distillate, a mixture of aqueous allylic 
alcohol and other products, is rectified, digested with potassic 
hydrate, distilled, dried over potassic carbonate, again digested 
with potassic hydrate, redistilled, and freed from the last traces 
of water by rectification over anhydrous barjrta. A fair yield of 
the alcohol is obtained by this method. 

Allylic alcohol is a colourless liquid of sharp, irritating 
odour, miscible in all proportions with water ; sp. gr. '8709 
at 0° ; boiling-point 96°. It is not affected by nascent hy- 
drogen (from sodium amalgam and water), but yields normal 
propylic alcohol, together with oxidation-products, when 
heated to 150° with potassic hydrate. On oxidation, allylic 
alcohol yields acrolein^ C2H3.COH, formic acid, and carbonic 
anhydride. It exchanges (OH) for CI, Br, I, &c.,^ when 
acted upon by the haloid acids, or haloid phosphorus 
compounds, and reacts with sulphuric acid to fomi hydric 

^ The haloid derivatives so produced unite directly with the halogens 
and haloid acids to form haloid substitntion-derivatives of the paraffin 
pjvpane. 
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allylic sulphate, C3H5.HSO4, thus resembling the alcohols 
of the ethylic series, from which it differs, however, in that 
it combines directly with chlorine and bromine, &c., to form 
such compounds as C3H5Cl2(OH),C3H5Br2(OH), from 
which allylic alcohol is again obtained on submitting them 
to the action of nascent hydrogen. 

Mustard and Garlic Oils, — Black mustard seed contains the 
potassic salt of an acid termed myronic acid, which is decom- 
posed when the bruised seed is macerated for some hours with 
water, and on distilling the water an oil passes over with it. 
The volatile oil thus obtained has the composition of allylic sul- 
phocyanate, C3H5(NCS). Garlic, on the other hand, contains an 
offensive smelling oil of the composition of allylic sulphide, 
(€3115)28. The substances of this composition prepared by the 
following synthetic reactions from allylic iodide : 

C3H5I + KNCS = KI + C3Hj.(NCS) 
2C3H,I + K,S = 2KI + (C3H,),S 

ft 

are found identical in every respect with the natural products. 
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The first member of this series, Propargylic alcohol, 
HC : C.CH2(0H), has been obtained by the action of 
potassic hydrate on monobromallylic alcohol: 

CaH^Br.OH + KHO = C3H3.OH + KBr + OHg. 

Monobromallylic alcohol is obtained by the following series 
of reactions :— Allylic tribromide, C3H5Brj, the product of the 
union of allylic bromide with bromine, is converted into dibro- 
moglycid, C3H^Br2, by the action of potassic hydrate; this 
compound on treatment with potassic acetate is readily con- 
verted into monobromallylic acetate, Qfi^fixSlJAfi^ which 
yields monobromallylic alcohol and potassic acetate on saponi- 
fication by potassic hydrate. 

Propargylic alcohol is a coVo\n\e^<& \fiLcJcJ\^ \is:^^-» ^ 

M % 
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pleasant odour, specific gravity -9628 at 21° ; boiling-point 
iio°-ii5^ It produces a white precipitate, C3H2Ag(OH), 
in an ammoniacal solution of aigentic nitrate, and a yellowish 
precipitate, (C3H2.0H)2Cu2, in an ammoniacal solution of 
cuprous chloride; it combines directly with bromine and 
hydrobromic acid. 

Three tertiary alcohols of this series are known, viz, 
diallylmethylcarbinol, diallylpropylcarbinol and diallyliso- 
propylcarbinol They are formed by the action of zinc on 
a mixture of allylic iodide and ethylic acetate, butyrate 
or isobutyrate. Camphol or bomeol also belongs to the 
CaH2n-3.0H scries. 

CnH2n_7.0H SERIES OF MONOHYDRIC ALCOHOLS. 
PHENOLS AND ALCOHOLS OF THE BENZYLIC SERIES. 

These alcohols are the derivatives of the hydrocarbons of 
the CnHan-e series. It has been pointed out already that 
these hydrocarbons act in the majority of cases as saturated 
compounds; the alcohols derived from them exhibit this 
behaviour, however, in a still more pronounced degree, in 
fact, they invariably give rise to the formation of substitution- 
derivatives, and never form additive compounds. 

The most important and best investigated (first) member 
of the series is Phenpl, which is the alcohol of benzene : 

Benzene, CgHg ; Phenol, C6H5.OH. 

No isomerides of phenol are known, but three isomeric 
modifications of the next term, Cresol, C7H7.OH, exist, 
besides the metameric henzylic alcohol^ which bears the same 
relation to the isomeric cresols that the monochlorinated 
compound formed by the action of chlorine on boiling 
toluene bears to the isomeric compounds obtained when 
the action of chlorine on toluene takes place in the cold 
or in presence of iodine. Hence two classes of alcohols are 
to be distinguished in this series • — ^. "^^^ tliciiols.x^T^xst- 
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sented by the general formula, C6H5.ni(OH)(CnH2n+i)m; 
and 2. The alcohols of the bmzylic series, represented by 

the general formula CeHg _^ I S?^^^^^^^- 

Gmeral Methods of Formation, — The phenols cannot be 
obtained from the corresponding mono-haloid substitution- 
derivatives of the CnHan^e hydrocarbons, since potassic 
hydrate, argentic acetate, &c., are without action on these 
derivatives. The following are the two general methods 
usually employed in their preparation, i. The hydrocarbon 
of the CnH2n_6 scHes, corresponding to the phenol required, 
is converted by the action of concentrated sulphuric acid 
into the monosulphonic acid, and the potassic s^t of this 
product is fused with potassic hydrate : 

C6H6_ni(CnH2n+l)m + H2SO4 = OH2 + 

C6H5_a(HS03)(CnH2n+l)m \ 

C6H5_„(KS03)(C,H2n+l)a, + KHO = K2SO3 + 

C6H5_m(OH)(CnH2n+l )m- 

2. The hydrocarbon of the CnH2n_6 series, corresponding 
to the phenol required, is converted inio the mononitro- 
derivative by the action of nitric acid {a) ; this is reduced 
by nascent hydrogen to the amido-derivative (^), and an alco- 

> These expressions are employed in order to include the formation 
of these alcohols from all the hydrocarbons of the benzene series. In 
the first term of the phenol series the value of n and m in the expression 
C6Hs_ni(OH)(CnH2n+,)ni is zero ; the highest possible value of m is 
doubtless 5 ; the limits within which n may vary cannot yet be determined, 
but it is to be borne in mind that in phenols derived from hydrocarbons 
formed by the introduction of several CnHjn+, groups in place of hydro- 
gen in benzene, n may have the same or a different value in each of the 
groups, as in the case of Xyknol (Dimethylpheaol), CeH,(CHg)2.0H, 

and Thymol (Methylpropylphenot), C«H,(OH) { ^^ , the highest known 

term of the series, respectively. The same may be said of the alcohols 
of the benzylic series, in which, however, the Ioti^I n^Js^r. ^cJl Xi.\5L*^c»ss. 
CnH^f oh; grovLT^ is I ; m in the fiisl texm. ec^Oisi^& lia^a* 
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holic solution of a salt (usually the nitrate) of this derivative 
is then acted upon by nitrous acid {c) ; the diazo-salt produced 
is converted into the corresponding sulphate by treatment 
with sulphuric acid ; and finally this salt is decomposed by 
boiling with water (d) : 

W (CnH,,+,)„C6H6.„ + HNO3 = OH, + 

(CnH2B+l)ii|C6H5_a(N02) ; 

W (CnH^^iX-C6H5.„(NO,) + 3H, = 2OH, + 

(CnH,.+,)«C6H5^(NH,); 

W (C»H,„+,)„C6H5.„(NH3N03)' + HNOa = 2OH, + 

(CaH,,^,UC6H5.„(N,N03)«; 

(^ (CaH2„+0»C6H5_„(N,.HSO4) + OHa ^ H^04 + 

Na + (C,H,„+,)«C6H5-m(OH). 

The alcohols of the benzylic series are obtained by the 
following methods : — i. By saponifying the acetates formed 
by the action of potassic acetate on the mono-haloid deriva- 
tives of the hydrocarbons of the benzene series, prepared by 
the action of chlorine on the boiling hydrocarbons : 

QH^{^^j|^+' j__^+ CU= HCl + C6H5_«{^^5^jj«^^-j . 

CgHs^mj/^ TT V . KHO = KC3H3O2 + 

r „ |C,H,„(OH) 

2. By the action of an alcoholic solution of potassic 
hydrate on the corresponding aldehydes, together with the 
corresponding acid of the benzoic series : 



' Nitrate of amido-derivatlve. * lJ\toraXfc ol d^ooA-^fvH^vi^ 
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C.H.-.lfc.Hf n + ''«° = «• + 



Aldehyde, 

C H 1^-^ 



C„H,„(COOK) . 



Potassic salt of add. 



Primary alcohols alone are obtained by this method. 
3. By the action of nascent hydrogen on the ketones of 
the form CnH2n_7CO(CnH2n+i) : 

CnH2n_7CO(C„H2n+l) + H2 = CnH2n_7C(CnH2n+i)H.OH. 

By this method secondary alcohols are obtained. 

Phenol {Oxybenzene^ Carbolic Acid)^ CeHj.OH, is ob* 
tained by the above general methods ; also by distilling the 
three isomeric oxybenzoic acids, either alone or mixed with 
powdered glass, or caustic lime : 

C6H4(OH).C02H = CO2 + CsHg.OH. 

The chief source of phenol is coal-tar, from which it is 
prepared by submitting the coal-tar oil to distillation, and 
collecting apart the portion which distils over between 150** 
and 200®. This is mixed with a solution of sodic hydrate, 
the solution separated from the undissolved portion, decom- 
posed by hydrochloric acid, and the oil thus obtained placed 
in contact with calcic chloride to render it anhydrous, and 
then piuified by fractional distillation. It is then exposed to 
a low temperature, and the crystals which form are drained 
from the mother liquor, and again distilled. 

Phenol crystallises at ordinary temperatures in long 
colourless needles, which melt at 34°-3S® and boil at 184®. 
It is sparingly soluble in water, but dissolves readily in 
alcohol, ether, and acetic acid. It lva& ^^^o5^^as.>"w;i^>ci:^- 
pleasant odow-y and acts as a povietWV cax5&>ctf:. \^\sk^ -ss^^^^^ 
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to the skin. By far the most valuable property of phenol is 
that of preventing putrefaction, and of preserving animal 
substances from decomposition ; it even removes the fetid 
odour from meat and other substances already in a state of 
decomposition, hence it is largely employed as a disinfectant 

Phenol is scarcely altered by passing through a red-hot 
tube. It yields benzene when distilled over heated zinc- 
dust : CgHgO + Zn = ZnO + CfiHg. 

Phenol dissolves in sulphuric acid with evolution of heat 
and production of two isomeric monosulphonic acids of the 
formula C6H4(OH).S03H (phenolortho- and phenolpara- 
sulphonic acid), which are converted by the continued action 
of the acid into one and the same phenoldisulphonic acid, 
C6Hj.OH(S03H)2. On fusion of the potassic salts of these 
two isomeric phenolmonosulphonic acids with potassic hy- 
drate, two isomeric dioxybenzenes are produced : 

CeH4(OH)(S03K) + KHO = C6H4(OH)2 + KaSOj. 

Chlorine acts readily upon phenol, and finally converts it 
into pentachlorophenol, CeClg.OH. The first product is a 
mixture of two isomeric monochloropheiiols \ the second is also 
a mixture of two dichlorophenols ; the third product appears 
to consist of a single trichlorophenoL Bromine exerts a pre- 
cisely similar action. lodophenols have been prepared by 
the action of iodine on phenol in presence of iodic acid or 
mercuric oxide. Three isomeric moniodophenols have thus 
been obtained, which are distinguished by the prefixes para-, 
meta-, and ortho- \ these exhibit different physical properties, 
and are especially characterised by their behaviour on fusion 
with potassic hydrate (p. 176). 

Nitric acid acts violently upon phenol ; the first product 
is a mixture of two isomeric mononitrophenols, one of which 
is insoluble in water, extremely volatile in a current of steam, 
yellow in colour, has a peculiar aromatic odour, and melts 
at 42"", whilst the other is soluble in water, and crystallises 
in long white inodorous needles meV^ti^ ^x. ^^'i'*- "^V^ 
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latter of these is converted into a-dinitrophenol melting at 
114° on further nitration ; the former, when similarly treated, 
also yields a-dinitrophenol, but together with an isomeric (/3) 
dinitrophenol melting at 69°. The final product of the action 
of nitric acid on phenol is trinitrophenol, C6H2(N02)3.0H, 
(Jficric acid\ of which no isomeric modifications are known. 

Phenol is converted by potassic hydrate into a metallic 
derivative CeHg.OK, but it does not decompose potassic 
carbonate. The above nitro-derivatives, however, have far 
more pronounced acid properties ; they readily decompose 
the metallic carbonates, and yield a series of crystalline yel- 
low or red metallic derivatives, such as C6H4(N02).OK, &c. 

Trinitrophenol has the property of forming crystalline 
compounds with hydrocarbons such as benzene, naphthalene, 
anthracene, &c. 

Phenol and its homologues are not attacked by the haloid 
acids, except perhaps when heated therewith under pressure 
at relatively very high temperatures (200^-300°). The haloid 
phosphorus compounds acting upon phenol and its homo- 
logues convert them into the corresponding mono-haloid de- 
rivatives of the CnH2n_6 serics of hydrocarbons. 

Phenol exhibits a peculiar behaviour on oxidation with 
chromic acid, whereby it is converted into phenoquinone. 
Probably the first oxidation-product is hydroquinone : 

C6H5.OH + O + OH2 = C6H4(OH)2 + OH2, 

the phenoquinone being the product of the simultaneous 
oxidation of this hydroquinone and phenol ; thus : 

C6H4(OH)2 + 2C6H5.OH + 02 = 2OH2 + 

C6H4(O.OC6H5)2. 

Cresol {Cresylic Acid), C7H7.OH = C6H4(CH3).OH.— 
The three known modifications are distinguished by the 
prefixes para-y nieta-, and ortho-. Para- and orthocresol are 
respectively obtained by fusing the pure potassic salts of the 
two isomeric sulphonic acids produced oti \\fta3ca\% \.0^^:5^r. 
with sulphuric acid with pola;ssvc Yv^AxaXfe. '^«xa5;:x&^^ ^ 
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also obtained from crystalline nitrotoluene (p. 125) by the 
second general method of preparation. Metacresol has 
been produced by heating thymol, CigHuO (a crystallme 
phenol which exists in the volatile oils of thyme and horse- 
mint), with phosphoric anhydride, when propylene and cresol- 
phosphoric acid are produced ; the latter yields metacresol 
and potassic phosphate on fusion with potassic hydrate. 
Coal-tar oil contains paracresol and (probably) orthocresol. 

Paracresol is a solid crystalline body at ordinary tempera- 
tures, which boils at i98°-2oo® ; it yields potassic paroxy- 
benzoatCj C6H4(OH).C02K, on fusion with potassic hydrate. 

Metacresol is liquid and boils between i95°-2oo® ; oxi- 
dised by fusion with potassic hydrate, it yields potassic 
tnetoxybenzoate. 

Orthocresol is also liquid, but boils at about 189°; potassic 
salicylate (orthoxybenzoate), isomeric with potassic met- and 
par-oxybenzoates, is formed from it on oxidation by fusion 
with potassic hydrate. 

Heated with sulphuric acid the three isomeric cresols 
yield three isomeric cresolsulphonic acids : 

C7H7.OH + SO4H2 = C7H6(OH)(S03H) + OHj. 

Benzylic Alcohol, C6H5.CH2.(0H), metameric with 
cresol, is produced simultaneously with potassic benzoate by 
the action of an alcoholic solution of potassic hydrate on 
benzoic aldehyde ; 

CeHs.COH + KHO = CgHg.COaK + H^ ; 
CfiHg.COH-hHa = C6H5.CH2(OH). 

Also by saponification of benzylic acetate, prepared by 
heating benzylic chloride (p. 119) with potassic acetate. It 
is a colourless, strongly refracting, oily liquid, which boils 
at 206**. On treatment with nitric add it is oxidised to 
benzoic aldehyde, CgHftCOH. Hydrochloric acid converts 
it readily into benzylic chloride, C6H5.CH2CI. Concen- 
tmted sulphuric acid converts it mlo a x^sm-Uke substance. 
It is thus evident that there is an exvoxmoxxs ^\^^T^xtfy^\si. 
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chemical behaviour between benzylic alcohol, which in all 
respects is a compound analogous to the alcohols of the 
ethylic series, and the corresponding phenol, cresoL A pre- 
cisely similar relation obtains between the homologues ot 
the phenols and of benzylic alcohol. 

Summary. — The phenols differ, it will have been observed, 
from the alcohols of the preceding series in somewhat the 
same way that the hydrocarbons of the CnHan-e series, ex- 
cepting dipropargyl, differ from those of the isologous series 
richer in hydrogen. They are formed by special methods, 
behave as saturated compounds, are peculiarly stable, and 
yield well-characterised substitution-derivatives when acted 
upon by chlorine, nitric acid, &c, whereas the alcohols of the 
preceding (and benzylic) series do not yield such derivatives 
under similar conditions ; the phenols behave differently on 
oxidation, they are not acted upon by the haloid acids, and, 
finally, they are especially characterised by yielding sulphonic 
acids when acted upon by sulphuric acid, which are con- 
vertible into dihydric alcohols (dioxy-derivatives of the 
CnH2n«6 hydrocarbons) by fusion with potassic hydrate, 
whereas the isologous monohydric alcohols, proportionately 
richer in hydrogen, yield acid ethereal salts when similarly 
treated, which readily undergo reconversion into the alcohol 
and sulphiuic acid, even when heated with water. 

CnH2n_9.0H SERIES OF MONOHYDRIC ALCOHOLS. 

Only two alcohols of this series are known. 

CiNNAMIC OR PhENYLALLYLIC AlCOHOL, C9H9.OH = 

C(C6H5)H ! CH.CH2(0H), is obtained by heating styracin, 
C9H7O2.C9H9 (a constituent of liquid storax and Peru 
balsam), with potassic hydrate solution. It crystallises in silky 
needles, which melt at 33°; on oxidation it is converted into 
cinnamic aldehyde, C9HgO ; it forms with bromine a dibro- 
mide, C9H9Br2.0H ; and by the action of nascent hydrogen 
it is in part converted into allylbeniftiift, \tl ^^asX ^^\:N^e^^ 
into pAenjlpropylic alcohol, c(c^U5S^^-C».^^^«^^^^ 
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Cholesterin, C26H43.OH, is a crystalline substance 
present in various parts of the animal S3rstemy in biliary cal- 
culi, and in the fat extracted from the fleece of sheep. On 
treatment with PCI5 it yields cholesteiylic chloride^ CaeH43Cl; 
by the action of cold fuming nitric acid it is converted into 
^nitrocholesterin, C26H42(N02)0. 

CnH2n-i3-OH SERIES OF MONOHYDRIC ALCOHOLS. 

a- and (i-nqpAtAo/yCiQH'j.Ollf two crystalline compounds 
which are in every respect analogues of the phenols, ob- 
tained by fusing the potassic salts of a- and /3-naphthalene- 
sulphonic acids with potassic hydrate, are the only known 
alcohols of the series. 

CnH2„(OH)2 SERIES OF DIHYDRIC ALCOHOLS. GLYCOLS. 

The glycols bear the same relation to the monohydric 
alcohols of the series CnH2„+i.0H that the dichlorinated 
paraffins bear to the monochlorinated parafhns ; in other 
words, they may be regarded as the di-hydroxyl derivatives 
of the paraffins. The following have been obtained, but our 
knowledge of most of them is extremely imperfect : — 

Isoprimary, Second- 
Primary, ary, or Tertiary. 
B..P. B..P, 

Ethylene glycol C2H4(OH)2 ipy'^'S — 

Propylene „ (2 mods.) C3H6(OH)2 208*^-218^ i88*'-i89*» 
Tetiylene or butylene 

glycol C4Hg(OH)2 — 183^-184" 
Pentylene or amylene 

glycol C5Hio(OH)2 — 177' 

Hexylene glycol C6Hi2(OH)2 — 207* 

Octylene „ C8H,6(OH)2 — 235°-24o° 

Our experience of the chemical behaviour of these com- 
pounds is chiefly derived from the study of the first member 
of the series, to which the simple liam^ oi gl^/col \^ «:^^\\^d. 
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In most text-books attention is drawn to the fact that the differ- 
ence between the boiling-points of the successive terms of this 
series appears to be in a contrary direction to that observed in 
other homologous series, i.e., that the lower members have higher 
boiling-points than the more complex terms of the series. At 
present slight weight attaches to this observation, however, since 
the known glycols are not strictly homologous ; in other words, 
they do not all belong to the same isomeric series : some are 
primary, others are isoprimary, secondary, perhaps tertiary glycols, 
and the comparison of their boiling-points is therefore nugatory. 

Preparation, — ^The one general method consists in acting 
upon the di-haloid derivatives (usually the bromo-derivatives) 
of the paraffins with potassic or argentic acetate, the resulting 
acetate being then saponified with potassic hydrate : 

QHanBra + 2AgC2H302 = 2AgBr + C,H2n(C2H302)2 
C,H2»(C2H302)2 + 2KHO = 2KC2H3O2 + C,H2n(OH)2. 

Properties, — ^The glycols are colourless, more or less viscid 
liquids, easily soluble in water and alcohol. 

The oxidation of the glycols takes place at two stages : 
the first product is usually an oxyacid of the lactic series 
(general formula CnH2n(OH).C02H) ; thus glycol yields 
glycollic acid (monoxyacetic acid) : 

CH2(OH).CH2(OH) + 02 = CH2(0H).C0(0H) + OHj. 

The second product varies according to the nature of the 
glycol oxidised : in the case of the primary glycols, to 
which the general formula CH2(OH).CnH2n.CH2(OH) may 
be assigned, a dibasic acid of the CnH2n(C02H)2 series is 
always produced; thus glycol yields oxalic acid : 

CH2(OH).CH2(OH) + 2O2 = CO(OH).CO(OH) -f- 2OH2; 

whereas the iso-glycols, represented by the general formula 
C(CnH2n+i)H(OH).CH2(OH), yield so-called iconic ^^v^^ 
as final oxidation-products, e.g. ; 
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C(C„H,.+ ,)H(OH).CH,(OH) + O, = 

C(C„H,„+,)O.CO(OH) -h 20H^ 

Little is known of glycols of other isomeric series. 
The glycols are readily acted upon by the haloid acidSi 
in the first place according to the equation : 

C.H,,(OH), + HCl = C„Ha.Cl(OH) + OH„ 

and by the continued action of these acids, or more readily 
under the influence of the haloid phosphorus compoundSi 
they are converted into di-haloid derivatives of the corre- 
sponding parafhns : 

C.H2„(OH)2 + 2PCI5 = 2P0Cla + 2HCI + CH^a,. 

By heating the glycols with acetic acid or its homol€>gues 
in closed vessels, ethereal salts of these adds (compound 
ethers) are produced, e.g. : 

C„Ha„(OH), + HC2H3O2 = C„H2,(OHXC,H,05)+ OH,. 
C„Ha„(OH), 4- 2HC2H30a = ^^^^{Q^l^zO^\ + 2OH,. 

Potassium and sodium act upon the glycols with evolu- 
tion of hydrogen and formation of metallic derivatives : 

2C„H2„(OH)2 + Naj = Hj + 2C,H,n(OHXONa) ; 
C„H2„(0H)a + Naa = H^ + QH2„(0Na)j^ 

Polyethylenic glycols are formed from glycol by progressive 
condensation with elimination of the elements of water. 
The following are known : — 

Diethylenic glycol QHjoO, =2C2H^(OH)j,- OH, 

Triethylenic „ ^^xfi^, -3C2H^(OH),-20H, 

Tetrethylenic „ CgHigOj =4C3H4(OH)3-30H, 

Pentethylenic „ ^v^vaP^ = SCjH^COH^ - 40Ha 

Hexethylenic „ CijHaeO^^eCaH/OHJjj-sOHy 

There is a difference in boiling-point of about 45® between 
each of these ; they are viscid liquids, becoming continually 
more viscid as they increase in complexity, and as the boUing- 
point rises. 
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One of the best general methods of preparation consists in 
heating glycol with ethylenic dibromide in closed tubes, for 
some hours, at iio®-i2o®. The nature of the product then 
depends on the proportions employed of these two bodies, and 
on the length of time during which they are heated together. 

The first reaction which occurs probably consists in ^he 
formation of ethylenic-bromohydrate, thus : 

CaH^COH)^ + CaH^Brj = aQH^BrCOH), 

which reacts upon the glycol (employed in excess) to form 
diethylenic glycol and hydrobromic acid : 

CjH^BrCOH) + CjH^COH), = C^H80(0H), + HBr. 

By the action of this hydrobromic acid upon a further quantity 
of glycol, water and ethylenic bromohydrate are produced, and 
the latter reacting upon the diethylenic glycol converts it into 
triethylenic glycol and hydrobromic acid : 

C^HgOCOH)^, + CjH^BrCOH) = C^li^fi^{Oli)^ + HBr, 

and by a similar cycle of operations, tetrethylenic glycol is 
produced from triethylenic glycol, &c. 

C„H2n_8(OH)2 SERIES OF DIHYDRIC ALCOHOLS — ORCINS, 
AROMATIC GLYCOLS, AND ALCOHOLS OF THE SALIGBNIN SERIES. 

These are derived from the hydrocarbons of the CnHa^.e 
series, by methods in principle the same as those which give 
rise to the monohydric alcohols of the CnH2n«7(OH) series. 

The series includes three classes of metameric compounds : 
the orcifiSy the aromatic glycols, and the alcohols of the saligenin 
series. The manner in which the members of these three 
classes are related will be evident on inspection of the fol- 
lowing formulse : 

Orcin. Saligenin. Xylene GlycoL 

Preparation of the Orcifis, — 1. B7t\3iS\cwk<il^'i^<^^3b&^^s^^55^ 
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of the disulphonic acids obtained by the action of sulphuric 
add on the hydrocarbons of the CnH2n- e series with potassic 
hydrate : 

C„H2n-6 + 2H2SO4 = C,H2„_8(S03H)a + 2OH2; 
C„H2„_8(S03K)3 4- 2KHO =CnHjh»_8(OH)2 + 2K2SO3. 

2. Similarly from the monosulphonic acids derived from 
the phenols. 

3. By fusion of the mono-haloid derivatives of the phenols 
with potassic hydrate, e.g. : 

CnH3„_8Cl(OH) + KHO = CnH2„_8(OH)2 + KCL 

The first term of the series of the composition C6H4(OH)2 
includes three isomerides, Resorcifiy Pyrocatechin^ and Hydro- 
quinone. 

Resorcin is obtained by the action of potassic hydrate on 
benzenedisulphonic add, C6H4(S03H)2 ; on phenolparasul- 
phonic acid, C6H4(OH)(S03H) ; and on paraiodophenol, 
C6H4l(OH) ; but is best prepared by fusing galbanum resin 
with potassic hydrate. It crystallises from water in tabular 
crystals, or prisms, which melt at 99°. It forms a dark 
violet-coloured liquid with ferric chloride, and reduces an 
ammoniacal solution of argentic nitrate at the boiling-heat 

Pyrocatechin is obtained by the action of potassic hy- 
drate on phenolmetasulphonic acid, or on metaiodophenol, 
and by the dry distillation of catechin and a nimiber of other 
allied vegetable substances. It crystallises from water in 
laminae which melt at 116°; it yields a dark green colour, 
ation with solutions of ferric salts, and is further distinguished 
from resorcin by forming a white precipitate on the addition 
of plumbic acetate to its aqueous solution. 

Hydroquinone is a product of the dry distillation of 

quinic acid, and is also obtained by fusion of orthoiodophenol 

with potassic hydrate. It crystallises in rhombic crystals, 

and melts at ijj°. It is readily d\stm^\^^^^xwsv\^^<»:cin 
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and pyrocatechin by its conversion into quinone on oxida- 
tion : C6H4(OH)2 4- O = C6H4O2 + OH2. Quinone is 
readily reconverted into hydroquinone by the action of 
nascent hydrogen. 

Orcin, C6H3(CH3)(0H)2, appears to exist ready formed 
in all the lichens used for the preparation of archil, cudbear, 
and litmus. It has been prepared synthetically by fusing 
the potassic salt of the sulphonic acid obtained by the action 
of sulphuric acid on monochlorotoluene with potassic hy- 
drate 

CyHfiCKSOaK) + 2KHO = C7H6(OH)2 + KCl + K2SO3. 

It crystallises from water in colourless six-sided prisms 
which melt at 86°. By the combined action of oxygen and 
ammonia it is converted into orcein, C7H7NO3, an uncrys- 
tallisable substance, which dissolves in alcohol, forming a 
deep scarlet solution, and in aqueous alkalies with violet- 
red colour. Orcein is present among other colouring mat- 
ters in commercial archil. A number of isomerides of orcin 
have been prepared, but little is known of them. 

Both resorcin and orcin yield well-characterised haloid 
and nitro-derivatives when acted upon by the halogens and 
nitric acid. Haloid derivatives of pyrocatechin are not known. 
Haloid derivatives of hydroquinone are formed by the action 
of nascent hydrogen on the corresponding derivatives of 
quinone, thus tetrachloroquinone is converted by the action 
of aqueous sulphurous acid into tetrachlorhydroquinone : 

C6CI4O2 + H2SO3 + OH2 = C6Cl4(HO)2 -f H2SO4. 

Salicylic Alcohol (Saligmin) is obtained from salicin, a 
crystalline substance contained in the leaves of poplar, 
willow, and several other trees. On heating with diluted 
sulphuric acid, or on digestion with synaptase, or saliva, 
salicin is resolved into saligenin and glucose . 

C6H4(OH).CH2(OC6Hu05) + OH^ = C^H^^P^-V 

C6H4(OH).CH.,^01^Y 
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Saligcnin cr)Stallises in colourless nacreous scales ; it melts 
al 82'' ; on oxidation it is converted into salicylic aldehyde, 
C,.n4«)H).COH. 

Xylknk Glycol, C6H4(CH2.0H)2, is prepared by digest- 
ing the dichlorinatcd derivative of paraxylene, obtained by the 
action of chlorine on the boiling xylene, with water at 170". 
It f(jrms crystalline needles which melt at 112°; on oxida- 
tion it is converted into terephthalic acid, C6H4(CO.OH)2. 

C„H2„_ i((>H)3 SKRIES OF TRIHYDRIC ALCOHOLS. 

These may be regarded as the trihydroxyl substitution- 
<lcrivatives of the paraffins. Two members of the series are 
known, viz. : 

(ilyccrin . . .* . . C8H5(OH)3 
Amylglycerin .... €4117(011)3. 

(ILVCKRIN, C3H5(OH)3 = C(CH2.0H)2H.OH.— Most 

animal and vegetable fats and fixed oils* are mixtures of 
ethereal salts formed from glycerin and acids of the acetic and 
oleic series. Thus mutton and beef fat consists mainly of 
stearin or stearic glyceride ; palm oil is chiefly palmitic gly- 
ceride {palmitin) ; olive oil is an oleic glyceride {pleirC), 
These glycerides are decomposed by heating with water, 
yielding glycerin and an acid, thus : 

C3H5(CuH3r,02)3 + 3OH2 = C3H5(OH)3 + 3C18H36O2. 

Stearin. Glycerin. Stearic acid. 

Glycerin is largely obtained as a by-product in the manu- 
facture of soap^ from the fats and fixed oils : the oil or fat is heated 
with an alkaline solution, whereby glycerin and an alkaline salt, 
or soap, as it is termed, are produced, thus : * 

C3H,(Cj3H330,)3 + 3NaH0 = C3H,(OH)3 + sC^eHjjNaO,. 

' These oils (palm oil, olive oil, &c.) are termed fixed, because they 

cannot be distilled without undergoing decomposition, in contradistinc* 

tion to the turpentine oils, which volatilise unchanged. 

^ The decomposition of ethereal salts by caustic alkalies, whereby an 

alcohol and a metallic salt are formed, is commox^v ^^^\^^\.^\yi\3QS. 

general term 'saponification.' 
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The soap is separated from the solution by the addition of 
common salt and the solution of sodic chloride (in which the 
soaps are insoluble) and glycerin is drawn off : this spent-lye, as 
it is termed, is then submitted to distillatioii in a current of 
superheated steam. The glycerin passes over with a certain 
proportion of water, the greater part of which may be removed 
from it by evaporation, and the whole may be driven off by 
heating in vacuo to a temperature below the boiling-point of 
glycerin. 

Ordinary hard soap is a mixture of sodic stearate, palmitate, 
and oleate; soft soap consists of the corresponding potassic 
salts ; lead plaster is a plumbic oleate obtained by heating olive 
oil with plumbic oxide. Lime soap is obtained by saponifying 
the fats with slaked lime ; lime soaps are insoluble in water, and 
the heavy curd formed on adding soap solution to hard water 
is a precipitate of lime soap formed by double decomposition 
from the calcic salts dissolved in the water and the soda soap : 

2Ci8H35Na02 + CaCOg = (Ci8H3502)2Ca + NagCOy 

Sodic stearate. Calcic stearate. 

Glycerin is now prepared on the large scale by the decom- 
position of the fats and oils by distillation in an atmosphere 
of superheated steam. The fats or oils are placed in a still, 
heated to a temperature between 29o°-3io°, and superheated 
steam passed up through them ; the glycerin then distils 
over with the steam, and the acids remain in the still. 

The synthesis of glycerin has been effected by digesting 
trichlorhydrin, one of the several isomeric trichloropropanes 
formed on heating propylene chloride (dichloropropane) with 
iodine chloride, with water in closed tubes at 170° : 

C3H5CI3 + 3OH2 = C3H5(OH)3 + 3HCI. 

Properties, — Glycerin cannot be distilled under the ordi- 
nary atmospheric pressure without undergoing decomposition, 
but passes over undecomposed under a pressure of 50 mm. 
of mercury at about 210'', it also distils without deconcv- 
position in an atmosphere of sleam. 1\. Ss» ^ ^ycvs::^"^ ^ <^<^^^^- 

N 2 
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less, inodorous liquid, Sweet to the taste, and neutral to test- 
paper, which is soluble in water in all proportions. 

Reactions, — i. Glycerin is converted by careful oxidation 
by nitric acid into glyceric acid, but at the same time much 
oxalic acid is produced : CsHgOa + 02 = C3H6O4 + OHg. 
Glyceric acid cannot be further oxidised without under- 
going decomposition into acids containing fewer units of 
carbon, the chief among which is oxalic acid, H2C204.' 

2. Glycerin is converted by the action of hydrochloric or 
hydrobromic acid, or of the corresponding haloid phos- 
phorus compounds, into so-called chlor- or bromhydrins. 
The action of the haloid acids takes place by two stages : at 
the first, monochlor- or monobromhydrin, at the second^ 
dichlor- or dibromhydrin^ is produced : 

1. C3H5(OH)3 -h HCl = C3H5C1(0H)2 + OH2 ; 

2. C3H5C1(0H)2 + HCl = C3H5CI2.OH -h OH2. 

Phosphorus pentachloride and bromide have the sarne 
action, but also give rise to the formation of a third product, 
trichlor- or tribromhydrin : 

C3H5CI2.OH -f PCI5 = C3H5CI3 + P0Ci3 -h HCl. 

The second product of the action of hydrochloric acid on 
glycerin is a mixture of two isomeric dichlorhydrins, which 
boil respectively at 174° and 182°. The latter of these is iden- 
tical with the product of the action of chlorine on allylic alcohol. 
Trichlorhydrin and tribromhydrin are respectively identical 
with allylic trichloride and tribromide ; the former is among the 
products of the action of iodine chloride on propylene chloride. 
The chlor- and bromhydrins lose the elements of hydrochloric or 
hydrobromic acid when submitted to the action of potassic or 
sodic hydrate ; thus monochlorhydrin, C3H5Cl(OH)2,is converted 
into Glycide,C3H50.0H ; and dichlorhydrin, CjHgClg.OH, yields 
epichlorhydrin, C3H5CIO. Epichlorhydrin behaves as an unsatu- 
rated compound, and combines with water to form monochlor- 
hydrin, when heated with it under ^i^ssMxe\ \t unites with hydro- 
chloric acid to form the dicli\otl[iYdnn.>iovVm^^\. vi£? ,^^^'s«nr.^ 
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both the above-mentioned dichlorhydrins yield the same epichlor- 
hydrin on treatment with potassic hydrate, pure dichlorhydrin 
(B.P. 174°) may be obtained from glycerin by converting the 
mixture of dichlorhydrins into epichlorhydrin, and acting upon 
this with hydrochloric acid. 

Monochlorhydrin is converted by the action of nascent hydro- 
gen into propylene glycol, C3Hg(OH)2; dichlorhydrin from 
epichlorhydrin similarly treated yields isopropylic alcohol : 

C(CH3C1)2H.0H + 2H2 = C(CH3)3H.OH + 2HCI ; 
whilst the isomeride from allylic alcohol yields propylic alcohol. 

3. Hydriodic acid and phosphorus iodide convert glycerin 
into allylic iodide, besides which propylene and isopropylic 
iodide are also obtained. 

The formation of allylic iodide is represented by the equation : 
• C3H,(OH)3 + 3HI = CgHJ + 1, + 3OH,. 

At the same time, by the action of the hydriodic acid on the 
primary product, allylic iodide, the above-mentioned secondary 
products are formed, thus : 

CsHgl + HI = I2 + CgHg ; C3H5I + 2HI = 13 + C3H7I. 

The primary product of the action of phosphorus iodide is 
also allylic iodide : 2C3H5(OH)s + PJ^ = 2C3H J + 2H3PO3 + Ij ; 
more or less hydriodic acid, however, is also produced, which 
reacts on the allylic iodide, as above explained. 

It is said that, under certain conditions, the action of hy- 
driodic acid on glycerin forms a complex product of the for- 
mula; CgHjiIOg =s 2C3H8O3 — 3OH2 + HI, and it is suggested 
that this product is possibly identical with a compoimd containing 
iodine, present in cod-liver oil. 

4. When heated alone or with dehydrating agents, gly- 
cerin is decomposed with formation of acrolein^ C3H4O, 
recognised by its intensely irritating acrid odour, and other 
products : CaHgOg = 2OH2 + C3H4O. 

5. By hQmng glycerin witYv th^ oi^^xsvc ^6.^^'^sn. <^<^'^^^ 
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vessels, so-called glyccr'uks or glyceric ethers are produced. 
'I'he proportions in which the acid and glycerin enter 
into reaction vary according to the proportions in which 
they are mixed, the temperature to which the mixture is 
subjected, and the time during which the heating is con- 
tinued. Thus acetic acid and glycerin yield monacefifiy 
CaH^XOHMCaHaOa) ; diacetin, C3H5(OH)(C2H302)2 ; 
and triacctin^ C3H6(C2H302)3 ; which are formed in the 
manner indicated by the equation : — 

C3H,(OH)3 + HC2H3O2 = C3H5(OH)2(C2H302) + OH2. 

In this way Berthelot has succeeded in preparing Tri- 
stearin^ Tripahnitin, and Triolein^ from stearic, palmitic, .and 
oleic acids and glycerin, the bodies thus obtained being found 
identical in all respects with stearin, palmitin, and olein 
from natural fats. 

6. Glyceric ethereal salts are also obtained by the action 
of the mineral oxyacids on glycerin. Thus glycerin is 
converted into the so-called nitroglycerin by adding it to a 
carefully cooled mixture of nitric and sulphuric acids. The 
formation of this compound from glycerin and nitric acid is 
analogous to that of triacetin from glycerin and acetic acid : 

C3H5(OH)3 -f 3HC2H3O2 = 3OH2 + C3H5(C2H302)3. 

C3H,,(OH)3 + 3HNO3 = 3OH2 -+- C3H,(N03)3. 

Nitroglycerin, or glycerotrinitriny as it is more cor- 
rectly termed, is a light yellow, violently explosive, oily 
liquid, of sp. gr. i'6 at 15°. By the action of potassic hy- 
drate, it is converted into glycerin and potassic nitrate, just 
as triacetin is converted into glycerin and potassic acetate. 

7. Glycerin cannot be fermented by pure yeast, but it rea- 
dily undergoes fermentation in contact with Bacillus subtzlis, 
yielding ethylic alcohol as principal product ; by means of 
another Bacillus, however, it may be fermented to normal 
hutylic alcohol and butyric acid (Fitz). 
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CnH2n_ 9(011)3 SERIES OF TRIHYDRIC ALCOHOLS. 

The only known members of this series are the so-called 
pyrogallic acid, or pyrogallol, as it is more appropriately 
termed, C6H3(OH)3, and its isomeride phloroglucin. 

Pyrogallol is obtained by dry distillation of gallic acid ; 

C6H2(OH)3C02H = C6H3(OH)3 + CO2. 

The relation of pyrogallol to benzene is evident from the 
fact that it yields that hydrocarbon when distilled at a red 
heat over zinc-dust, and that gallic acid is obtained by 
fusing diiodosalicylic acid with potassic hydrate : 

C6H2l2(OH)COaH + 2KHO = C6H2(OH)3C02H + 2KL 

Pyrogallol crystallises in long white flattened prisms; it 
melts at 115°. The aqueous solution slowly absorbs oxygen 
on exposure to the air, becoming brown ; this change occurs 
very rapidly in presence of alkalies, hence a solution of 
pyrogallol and potassic hydrate is employed as an absorbent 
of oxygen in gas analysis. By the action of acetic chloride it is 
converted into triacetopyrogallol, C6H3(C2H302)3 ; on treat- 
ment with bromine it yields tribromopyrogallol, C6Br3(OH)3. 

Phloroglucin is obtained on fusion of phloretin, catechin, 
kino, dragon's blood, quercitin, and a number of similar 
substances with potassic hydrate. Phloroglucin crystallises in 
large colourless prisms of the composition C6H6O3.2OH2 ; 
in the anhydrous condition it melts at 220°. Triaceto- 
phloroglucin, C6H3(C2H302)3, is obtained from it on treat- 
ment with acetic chloride, and tribromophloroglucin on 
treatment with bromine. 

By the action of chlorine on an aqueous solution of 
phloroglucin, dichloracetic acid is produced : 

C6H6O3 + 3OH2 + 6CI2 = 3C2CI2H2O2 + 6HC1. 

Phloroglucin may be obtained by fusing phenol with 
sodic hydrate, which proves that it is a. txyx^dx^^xj^-^ws-^sbc^^ 
of benzene. 
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CnH2n-2(OH)4 SERIES OF TETRAHYDRIC ALCOHOLS 

The only alcohol of this series at present known is Ery- 
thrite (erythromannite, phycite), C4H6(OH)4, a saccharine 
substance which exists ready formed in Protococcus vulgaris, 
and which may also be obtained from any of the varieties of 
Rocella tinctoria by boiling with excess of lime or baryta. 

It forms large colourless transparent crystals, easily soluble 
in water. It is converted into a moniodo-derivative of the 
paraffin tetrane by distillation with hydriodic acid : 

C4H6(OH)4 + 7HI = C4H9H- 4OH2 + 3I2. 

The iodotetrane thus obtained is convertible into secon- 
dary butylic alcohol (p. 158). Nitric acid converts erythrite 
into erythrotetranitrin (so-called nitroerythrite) : 

C4He(OH)4 -h 4HNO3 = 4OH2 H- C4H6(N03)4. 

CnH2n_4(OH)6 SERIES OF HEXHYDRIC ALCOHOLS. 

Mannite and Dulcite, two of the natural sugars, are mem- 
bers of this series; 

Mannite, C6Hg(OH)6,is the chief component of il^;^«d5, 
the dried sap of Fraxinus ornus, from which it may be ex- 
tracted by boiling alcohol. It is also present in the sap of 
the apple, cherry, larch, and lime, in many seaweeds, and in 
mushrooms. It may be produced by the action of nascent 
hydrogen (sodium amalgam) on an aqueous solution of cane 
sugar ^ inverted by boiling with a small quantity of sulphuric 
acid : CfiHiaOfi + Hg = CfiHuOg. 

Mannite crystallises in colourless four-sided prisms, or 
fine needles, easily soluble in water and alcohol, insoluble 
in ether ; it is -slightly sweet ; mannite does not ferment in 
contact with yeast, nor does it reduce an alkaline solution 

' Such a solution contains a mixture of dextrose and laevulose, both 
of which apparently yield mannite. 
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of cupric hydrate on boiling (distinction from the glucoses) ; 
it has no action on polarised light. 

Hydriodic acid converts mannite into an iodohexane 
(/3-hexylic iodide), from which normal secondary hexylic 
alcohol may be obtained : 

CgHuOe + iiHI = CfiHial + 6OH2 + SI2. 

It yields various ethereal salts when heated with acids 
such as acetic acid, &c. ; concentrated nitric acid, for ex- 
ample, converts it into so-called nitroniannite (mannito- 
hexanitrin), C6Hg(N03)6, a crystalline substance which de- 
tonates violently by percussion, and is reconverted into 
mannite by the action of reducing agents. Mannite also 
forms metallic derivatives : thus a crystalline precipitate of 
the composition C6HioPb206 is produced on adding man- 
nite to an ammoniacal solution of plumbic acetate. 

Mannite yields two characteristic oxidation -products : 
mannitic acid, C6H12O7, obtained by moistening platinum 
black with mannite solution;^ and saccharic actdy CeHjoOg, 
the product of the action of dilute nitric acid. 

DuLCiTE (dulciuy dulcose, melampyrite\ C6Hg(OH)6, the 
isomeride of mannite, has been produced artificially by the 
action of nascent hydrogen on inverted milk-sugar (see 
lactose). Dulcite was first obtained from a substance of 
unknown origin, imported from Madagascar ; it may be ex- 
tracted from the expressed juice of Melampyrum nemorosinn 
and other Melatnpyrum species. 

Dulcite closely resembles mannite in properties, but crys- 
tallises in monoclinic prisms (mannite in triclinic prisms) 
and melts at 182° (mannite at 165°). When oxidised by 
nitric acid, it is converted into mudc acid, isomeric with 
saccharic acid. It yields the same iodohexane as mannite 
when heated with hydriodic acid, and is converted by con- 
centrated nitric acid into dulcitohexanitrin : C6Hg(N03)6. 

' Mannitose^ CcHijOe, an isomeride oC ^\v.tQfSfc,\^ K^\a>3NR^ ^asss^- 
taneously with mannitic acid. 
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CARBOHYDRATES. 

This name is applied to a variety of substances like cane- 
sugar, starch and cellulose, the composition of \9hich.is 
represented by the general formula Cn(0H2)m i i-e. they 
are compounds of carbon with oxygen and hydrogen, the 
two latter elements being present in the proportions in 
which they form water. The majority occur naturally either 
in animals or plants, and many of them are of the highest 
physiological importance. They may conveniently be 
arranged in three groups, according to their empirical com- 
position, thus : 

Group I. Glucoses. 

'Saccharodextrose (Dextrose or Grape- 
sugar). 
Saccharolaevulose (Laevulose). 
Lactodextrose (Lactose). 
Arabindextrose (Arabinose). 
Eucalyptodextrose (Eucalyn). 
Sorbolaevulose or Sorbinose (Sorbin). 
.Inositol (Inosite). 
Group II. Saccharons.^ 

Saccharon (Cane-sugar). 
Lactosaccharon or Lacton (Milk-sugar). 
Amylosaccharon or Amylon (Maltose). 
Mycosaccharon or Mycon (Trehalose). 
Eucalyptosaccharon or Eucalypton (Me- 

litose). 

. Laricosaccharon or Larixon (Melizitose). 
Group III. Amyloids. 

' Amylin or Dextrin. Glycogen. Inulin. 

//- TT n \ J Synanthrin. 
^^6^'o^5^M Starch. 

V Cellulose. 

' It appears highly desirable to dVs\.m^\^ ^t xaKn&iecs* qC the two 
great groups of carbohydrates oi \iie ioim\i\3L C^^^^ «si\^^;5^^^^ 
'*" •'/ijnes having distinct termmals, aivdto Te?.\.YvcX >s5aa \Krav\»5Si^ost\si 
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• 

Most of the carbohydrates are capable when in splution of 
rotating, as it is termed, rays of plane polarised light, and are 
therefore said to be optically active. Thus, if monochromatic 
yellow light, such as is furnished by a Bunsen gas flame in which 
a sodium salt is volatilised, be passed through a NicoVs prism, 
and a second similar prism be placed at some little distance in 
front of the first, it will be found that when the prisms are 
arranged with their ' principal sections ' at right angles no light 
will pass through the second prism ; but on interposing between 
them a glass cell with parallel sides, or a tube closed at the ends 
with parallel plates of glass, filled with a strong solution of cane- 
sugar, the field of view will becpme illuminated, and in order to 
darken it again the second prism must be turned through a 
certain angle in the direction in which the hands of a watch 
move. Such a solution is said to be dextrorotatory, A given 
substance always exhibits the same rotatory power under the 
same set of conditions, but diflerent substances exhibit different 
specific rotatory powers^ and this property therefore affords a 
most valuable means of distinguishing the various carbo- ' 
hydrates. 

The specific rotatory power [a] of a substance for light of any 
particular refrangibility is the angular deviation imparted to the 
ray observed by a column of unit length, /, and density, d, and 
is expressed by the formula 

It is usual to take the decimeter as the unit of length. If the 
observation be made for light of the refrangibility of the D lines 
of the solar spectrum, the symbol [a],, stands for the specific 
rotatory power ; if for light of the refrangibility of the mean yellow 
portion of the spectrum, it is indicated by the symbol [a]y. 

This formula, however, applies only to bodies which can be 
examined /^rj<?; and if a solution of an; optically active sub- 
stance in an inactive solvent be employed for the determination, 
the specific rotatory power is deduced with the aid of the 
formula 

where e is the amount of active subsUtvc^ \xi ^\xmX ?^Tf^*^,^^ 
solution, and ^the density of tlae soVmUoti. \l>^^ V5>vt^^5^'^ ^ 
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done, the amount of active substance in loo parts by weight of 
the solution be determined, indicating this by/, the formula 
becomes 

- r T loo o 



Or, if merely the concentration r, i.e. the number of grams of 
active substance in loo c.c. of solution, be ascertained, since 
c=dpf we have 

It has been found, however, that the rotatory power of a sub- 
stance is always more or less modified by association, with an 
optically inactive solvent ; hence the specific rotatory power of 
a substance deduced by formula 2, 3 or 4 is merely the apparent 
and not the absolute specific rotatory power, and the value 
obtained is applicable only to the solution of the particular 
strength and character used, A description of the instruments 
for determining specific rotatory power will be found in Watts' 
* Dictionary of Chemistry,' vol. viii., pt. ii., art. Light 

Several carbohydrates exhibit the phenomenon of birotation, 
i.e. the apparent specific rotatory power in a solution freshly 
prepared without heating is different from the apparent specific 
rotatory power in a solution which has been prepared some time 
or which has been heated. Thus, the initial rotatory power of 
dextrose is about double the constant rotatory power. Milk- 
sugar in like manner has an initial rotatory power about one 
and a half times its constant rotatory power. The initial rota- 
tory power of amylon, however, is somewhat lower than its 
constant rotatory power. 

Another property of importance possessed by many carbo- 
hydrates is that of reducing an alkaline solution of a cupric salt 
When proper precautions are observed, and provided that the 
conditions are constant, the same carbohydrate always exercises 
the same cupric reducing power, but there are considerable 
differences between the various carbohydrates, as shown by the 
following table, in which the cupric reducing powers of equal 
weights of a number of Ibem m 1 i^et cerv\.. ^c^>x\KQr5Ns» ^xe con- 
"trRsted with that of dextrose taken 2ls 100 (^^ons^^'C^'. 
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Dextrose 100 

Invert-sugar (mixture of dextrose and laerulose) . 962 

Laevulose (?) 92-4 

Milk-sugar 70*3 

Lactose 93*2 

Milk-sugar after heating with dilute sulphuric acid 96*2 

Maltose 610 

The cupric solution used is known as Fehling's solution, and 
is prepared by mixing solutions of cupric sulphate, potassic sodic 
tartrate and sodic hydrate, so that i litre of solution contains 
34-639 grams CuSO^, 173 grams NaKC^H^O^ and 52 grams 
NaOH ; the addition of the tartrate prevents the precipitation of 
cupric hyd rate by the sodic hydrate. On warming such a solution 
with a solution of dextrose, cuprous oxide is precipitated : the 
blue colour disappearing entirely if sufficient carbohydrate be 
present. -5 gram of dextrose in a i per cent, solution reduces 
105-2 cubic centimetres of Fehling's solution, but if the latter be 
diluted with 4 volumes of water the dextrose exerts a slightly 
diminished rotatory power in the proportion of 10*52 : lo-ii ; if 
an excess of the FehUng's solution be used, a somewhat larger 
amount of reduction is effected. It would appear, in fact, that 
the initial products of oxidation of the carbohydrate are them- 
selves more or less acted upon, so that the observed value does 
not accurately represent the cupric reducing power of the carbo- 
hydrate alone. 

Group I. Glucoses : C6H12O6. 

Dextrose {Dextro-glucose, Ordinary Glucose or Grape- 
st^ar), C6H,206. — ^This carbohydrate is widely distributed 
throughout the vegetable kingdom ; it is present in the juice 
of ripe grapes and in fact of all ripe fruits, and it constitutes 
the solid crystalline portion of honey : but in these cases it 
always occurs together with laevulose, and usually also with 
cane-sugar, which is capable of yielding both dextrose and 
laevulose. It is present in considerable quantity (even to the 
extent of ten per cent.) in diabetic urine, and is found in 
small quantities in nearly all animal toL\!ii&^^MOcs.^s.N^^"^^> 
chyle, in the liver, and in iiOima\ V^2JiJia>} \ix«>kfe>^^^ ^^^* 
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accompanied by laevulose. It is the ultimate product of the 
hydrolysis^ of starch by dilute sulphuric add : 

(C6H,o05)n+nOH2=nC6H,206. 

Starch. Dextrose. 

Cellulose is also converted into dextrose by prolonged 
digestion with sulphuric acid. It is a product of the action 
of hydrolyiic agents on many glucosides ^ ; and some of the 
albuminoid substances and brain matters also furnish dextrose 
on hydrolysis. It is best prepared from cane-sugar, and 
purified by crystallisation from methylic alcohol (Soxhlet). 

Dextrose is excessively soluble in water, and crystallises 
from a concentrated solution in cauliflower-like masses of 
the composition C6H12O6.H2O ; from methylic alcohol it 
crystallises in glistening anhydrous prisms. It is less sweet 
than cane-sugar. Its solution turns a ray of polarised light 
to the right, hence the name dextroglucose and dextrose ; 
in an 18*5 per cent, solution it has the apparent specific 
rotatory power [a]i,=52°*85 (Soxhlet), its absolute specific 
rotatory power, according to ToUens, being [a]j>=58°7o. 

Dextrose unites with sodic chloride, forming a crystalline 
compound of the formula (C6Hi206)2-NaC1.0H2. Highly 

* Decompositions like that of starch into dextrose, of cane-sugar into 
dextrose and Ixvulose, of the fats into glycerin and an acid, or of 
ordinary ether into ethylic alcohol, which involve the fixation of the 
elements of water, may all be said to be the result oi hydrolysis \ and 
those substances which, like sulphuric acid, diastase, emulsin, &c. induce 
hydrolysis may be termed hydrolytic agents or hydrolysis. The sub- 
stance hydrolysed is the hydrolyte. The mere fixation of the elements 
of water unaccompanied by decomposition, as in the conversion of 
ethylenic oxide into glycol, C2H4O + 0H2= C2H4(OH)2, may be termed 
hydration jn contradistinction. 

2 The glucosides are a class of natural products, of frequent occur- 
rence in plants, which on hydrolysis always furnish a glucose and some 
other substance or substances ; salicin, for example, a constituent of 
willow bark, yields saligenin and glucose (p. 177), and amygdalin 
from bitter almonds — which, however, is perhaps a saccharide, i.e. .a 
derivative ofa saccharon and not of a g]LMcos^— ^\^\6& V^Maldehyde, 
hydrocyanic acid and glucose (p. 234.^ 
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unstable metallic derivatives may be obtained by dissolving 
lime, baryta, or oxide of lead in an aqueous solution of 
dextrose and precipitating by alcohol; the baric derivative 
has the composition (C6Hn06)2Ba. 

If dextrose be heated with a mixture of acetic anhydride 
and fused sodic acetate on the water bath, an octaceto-deri- 
vative of the composition Ci2Hi403(C2H302)8 is obtained, 
which is isomeric with the compound got by heating cane- 
sugar with acetic anhydride. This acetate yields sodic 
acetate and a carbohydrate isomeric with cane-sugar on^ 
treatment with sodic hydrate. 

Dextrose is slowly altered, even in the cold, by aqueous 
solutions of the alkalies or alkaline earths, and rapidly on 
heating, the liquid becoming first yellow and afterwards 
brown ; one of the products of the action of calcic hydrate 
is an isomeride of cane-sugar (Peligot). It is readily oxi- 
dised, and therefore quickly reduces alkaline solutions of 
silver and copper salts, causing the precipitation of metallic 
silver or cuprous oxide ; its cupric reducing power is approxi- 
mately represented by the proportion CeHigOe : 5CUSO4. 
On boiling it with dilute sulphuric or hydrochloric acid, 
brown humus-like substances are formed. Dilute nitric acid 
oxidises dextrose to saccharic acid, €4114(011)4 (C00H)2. 

A dilute solution of dextrose mixed with yeast rapidly 
undergoes fermentation at a temperature of 2o°-25°. 

LiEvuLOSE, C6H12O6, occurs, as already mentioned, to- 
gether with dextrose in the juice of ripe fruits, honey, &c. 
It is obtained, together with an equal quantity of dextrose, 
on heating a solution of cane-sugar with dilute acids : 

C12H22O11 + OH2 =: C6H12O6 + C6Hi20e, 

and may be separated from it by mixing the solution of 
invert-sugar^ as the product is termed, with slaked line. A 
solid calcium-derivative of laevulose is formed which is 
separated by pressure from the solution containing the dex- 
trose, then suspended in water, and decotxv^o^^^Vs^ ^'x^:^^'^^:- 
anhydride. On concentratioxi oi V!tv^ ^\fcx^^ ^Qjcis.^', '^^ 
laevulose is obtained as a co\o\it\^^^ AXCicrj^X^S^^i^^^ ^^"i^^a^i^^ 
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sweeter than dextrose. A solution of laevulose turns the 
polarised ray to the left and to a greater extent than dextrose 
turns the ray to the right, so that a mixture of equal propor- 
tions of dextrose and laevulose is laevorotatory : hence the 
name invert-sugar applied to the product of the hydrolysis 
of cane-sugar. The apparent specific rotatory power of 
laevulose rapidly diminishes, however, as the temperature of 
the solution rises, being nearly double as great at 0° as at 
about 90°, when it is about equal to that of dextrose j^ the 
alteration in rotatory power is perhaps due to the gradual 
destruction of a hydrate as the temperature rises. Laevulose 
is more easily acted upon by dilute acids than dextrose, 
and is converted into acetopropionic or laevulinic acid, 
CH3.CO.CH2.CH2.COOH, when boiled with dilute sul- 
phuric acid; dextrose yields only traces of this acid. It 
ferments in contact with yeast, though somewhat less readily 
than dextrose. Like dextrose, it yields saccharic acid on 
oxidation. Both dextrose and laevulose yield mannite when 
submitted to the action of nascent hydrogen. 

Lactose, C6H12O6. — On boiling an aqueous solution of 
milk-sugar to which a small quantity of sulphuric acid has 
been added, a mixture of ordinary dextrose and lactose is 
obtained. The properties of lactose have not yet been 
satisfactorily determmed. It has a considerably higher 
apparent specific rotatory power than dextrose, but a slightly 
lower cupric reducing power. On oxidation with nitric acid, 
it yields mucic acid, the isomeride of saccharic acid ; and 
dulcite, the isomeride of mannite, is formed on submitting it 
to the action of nascent hydrogen. 

Arabinose or Arahindextrose^Q^i^O^. — This glucose is 
obtained by hydrolysis of arabin (see p. 201). It crystalli3es 
in anhydrous rhombic prisms. Arabinose has a slightly 

* A solution of invert-sugar containing 17*21 grams per 100 c.c. has 
at 0° the apparent specific rotatory power [o]d = — 27°*9, and the 
alteration in rotatory power as the temperature is raised is in accordance 
with the equation [o]' ^^ = - (27^ -9 -- •32tV ^ ^^^^ ^^^ ^"^"^"^^^^ 
appear inactive at 87° '2 (TuschtnidV 
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higher cupric reducing power than dextrose and a much 
higher specific rotatory power, viz. [a]^-=i 18° in a solution 
containing 10 grams in 100 c.c. It does not ferment in 
contact with yeast 

Inositol or Tnosite, CeHigOe. — ^This carbohydrate 
occurs in the muscular substance of the heart, and in the 
lungs, kidneys, and liver ; it has also been extracted from 
green beans and the unripe fruit of Phaseolus vulgaris. It 
crystallises in large rhombic plates of the composition 
CeHijOg-HaOj it is optically inactive, without cupric re- 
ducing power, and it is not affected even by boiling with 
acids or alkalies. An aqueous solution does not ferment 
in contact with yeast, but it undergoes the lactic and butyric 
fermentation. 

Little is known of Sorbinose or Sorbin and of Eucalypto- 
dextrose or Eucalyn ; they are distinguished, however, from 
the remaining members of the group by the circumstance 
that they do not undergo fermentation when mixed with 
yeast. 

Group II. Saccharons: Ci2H220n. 

Saccharon or Cane-sugar^ Ci2H220n. — This carbo- 
hydrate is very widely distributed throughout the vegetable 
kingdom, but the two chief sources from which it is obtained 
are the sugar-cane {Saccharum officinarum\ cultivated in 
various tropical countries, and the sugar-beet, which is 
largely cultivated in Europe, more especially in Germany 
and France. 

Cane-sugar is exceedingly soluble in water, but sparingly 
soluble in alcohol ; it crystallises from an aqueous solution 
on slow evaporation in anhydrous monoclinic prisms. Its 
apparent specific rotatory power varies only slightly with 
dilution, the value of [aj^ for a solution containing 3*8 per 
cent by weight being 66° '8, and for a solution containing 
69-2 per cent. 65°*5 ; the absolute specific rotatory power 
of cane-sugar, according to ToUens, is 64° -16. If heated 
for some time at about 160°, il Vs coIW^'t^'^^^^w>i^<^^:^.\^^^^ 

o 
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weight, into a mixture of dextrose and so-called Isevulosan, 
a substance formed by the withdrawal of the elements of 
water from laevulose; if the heating be continued, water 
separates and caramel is produced, and on further heating 
a number of gaseous and liquid decomposition-products are 
formed, and ultimately a carbonaceous mass alone remains. 
Cane-sugar is at once decomposed by concentrated sul- 
phuric acid, with separation of carbon; this behaviour 
serves to distinguish it from dextrose, which is not nearly so 
easily affected. It is, however, much less readily decom- 
posed than dextrose on boiling with caustic alkalies ; and it 
only very slowly and imperfectly reduces Fehling's solution 
even on prolonged boiling. Cane-sugar is not directly fer- 
mentable, but when its dilute aqueous solution is mixed 
with yeast, it is soon converted into a mixture of dextrose 
and laevulose, which then undergo the vinous fermentation. 
The hydrolysis of sugar may be effected even by prolonged 
boiling with water, but it occurs much more rapidly in the 
presence of acids. 

Various metallic derivatives have been obtained from 
cane-sugar; it also yields a number of ethereal salts : thus, 
by heating with a large excess of acetic anhydride, it is con- 
verted into octacetosaccharon, Ci2Hi40n(C2H30)8. 

It yields saccharic acid on oxidation. 

Amylon or Maltose^ Ci2H220n- — This carbohydrate is 
the end-product of the action of diastase (malt extract) on 
starch. Amylon separates from 80 per cent alcohol in 
crystalline crusts of the composition C12H22O11.OH2; the 
anhydrous substance is extremely hygroscopic. It is readily 
acted on by Fehling's solution, but has only -f^ of the 
reducing power of dextrose. In a 20 per cent, solution it 
has the apparent specific rotatory power [ajo = 139° '3 
(Soxhlet). By prolonged warming with dilute acids, amylon 
is converted into dextrose. 

Lacton or Lactosaccharon {Milk'sugar\ C12H22OJ1. — 
This sugar is an important coivsl\luetv\. ol TcS^^l\c>\ft.^Vick 
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it may be obtained by evaporating to a syrup the whey 
which remains after the separation of the casein, either by 
the addition of rennet or of a small quantity of acid, and 
purifying the crystals which slowly separate out by recrystal- 
lisation. It crystallises in hard, semi-transparent, rhombic 
prisms of the composition C12H22O11.OH2, which may be 
rendered anhydrous by heating at 130**. Milk-sugar is far less 
soluble in water than cane-sugar, and has only a faint, sweet 
taste j it has almost the same constant apparent specific 
rotatory power as dextrose : [«]d=53°'I2 (strength of 
solution ?) (Mills and Hogarth). Its cupric reducing power is 
about seven-tenths that of dextrose. It yields both mucic 
and saccharic acid on oxidation. As in the case of cane- 
sugar, vinous fermentation only takes place after its aqueous 
solution, mixed with yeast, has stood for some time, and the 
saccharon has undergone hydrolysis. In other respects, 
lacton closely resembles cane-sugar, but is on the whole a 
far more stable body. 

According to Demole, if the mixture of lactose and dex- 
trose obtained by hydrolysis of milk-sugar be boiled with 
acetic anhydride, an octacetate is obtained, having the for- 
mula Ci2Hi40n(C2H30)g, identical with that produced by 
the action of acetic anhydride on milk-sugar itself. 

Mycon, Larixon and Eucalypton. — Mycon occurs in 
a large number of fungi, often in such quantity that it may 
be separated by mere extraction with alcohol. It is remark- 
able as being the most stable ofthecrj'stalline carbohydrates 
and as possessing the highest apparent specific rotatory 
power, viz. [fi]D=:2oo° in 5-6 per cent, solution. It appears 
to yield dextrose on hydrolysis. 

Larixon is obtained from the saccharine exudation of the 
Finus larix^ and Eucalypton from a similar exudation from 
various species of Eucalyptus. Very little is known of these 
saccharons. 
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Group III. Amyloids: CenHionOsn. 

This group comprises all those carbohydrates which, like 
starch, are represented by the empirical formula (CgHioOs)^. 
There is little doubt that n in this formula has not the same 
value for all the members of the group, but its value has 
not yet been determined for any one of them ; probably it 
is in no case less than 4. 

Starch. — This carbohydrate is met with in more or less 
abundance in every plant and in most parts of plants ; potato 
tubers, for example, containing from 20 to 27 per cent, and 
wheat from 50 to 75 per cent It always occurs in the form 
of minute granules, which, however, diflfer in size and shape 
in different plants ; these granules exhibit a concentrically 
stratified structure, due to their consisting of layers differing 
in density and the amount of water associated with the 
starch ; they are coated with an extremely fine envelope of 
so-called starch-cellulose, a substance intermediate in its 
properties between starch and cellulose, which apparently is 
also distributed throughout the grain. Potato starch, puri- 
fied by treating it successively with very dilute solution of 
potassic hydrate and i per cent, solution of hydrochloric 
acid, contains from 2 to 5*5 per cent of starch cellulose, 
according to the amount of washing with alkali which it has 
received. 

Ordinary commercial starch contains about 18 per cent. 

of water, part of which it loses on exposure over sulphuric 

acid in vacuo ; it then corresponds in composition with the 

formula C6H10O5.OH2, but may be rendered anhydrous by 

drying at 100° in a current of air. Anhydrous starch may 

be heated at 160° without undergoing change, but at a 

slightly higher temperature it apparently suffers a somewhat 

complex decomposition, becoming completely soluble in 

water ; when hydrated, it is much more easily altered by 

heat Starch modified in this manner is known as torre- 

£ed starch or British gum, \vVv\c\v \s \ax^Oi^* >^^^^ ^ ^ 

thickener in calico printing. Slaxdv \s axs. ^^xx^xsv^-j Sxvk^x 
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substance. It is insoluble in alcohol and ether ; but it dis- 
solves in potassic hydrate solution, in consequence of the 
formation of a potassium derivative. On heating with acetic 
anhydride, itis converted into a triacetate, 051^702(0211302)3. 
It is without cupric reducing power. It has a high apparent 
specific rotatory power in solution. 

Starch grains when intact are unacted on by cold water, 
but if heated with water to a temperature which varies from 
45°-9o° for different varieties, the grains absorb water, 
swell enormously and ultimately burst, forming an opalescent 
viscous solution often termed starch paste. The solution is 
coloured a magnificent blue on the addition of even traces 
of iodine. If heated with water at about 150°, starch is 
converted into so-called soluble starch, which is also 
coloured blue by iodine, but distinguished from starch by 
readily dissolving in water at 70° to form a perfectly limpid 
solution. 

Starch undergoes a most remarkable series of transforma- 
tions under the influence of the diastase of malt extract If 
sufficient malt extract be added to a cold 3 to 4 per cent, 
starch paste, complete limpidity ensues within from three to 
four minutes, the starch being converted into soluble starch ; 
at this point iodine produces a deep indigo-blue coloration, 
but as the change proceeds iodine causes at first a violet 
and then a deep reddish-brown colour, and after very few 
minutes ceases to have any effect. From the product thus 
obtained, two substances may be isolated : one a carbo- 
hydrate of the same empirical composition as starch, called 
dextrin (amylin); the other, an isomeride of cane-sugar, 
termed maltose (amylon). The former is a white amor- 
phous substance easily soluble in water, but almost insoluble 
in alcohol ; like starch, it is without cupric reducing power. 
The apparent specific rotatory powers of amylon and amy- 
iin being known as well as the cupric reducing power of the 
former, it would appear from the cupric reducing power and 
apparent specific rotatoiy po^et ol ^'^ ^0^si5KNSsc>s. O^ns^ssnr.^ 
by acting with malt extract oxv s\2ccc!cv MxAet ^-aiv^^^ ^^^^- 
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tions that the following are the changes which occur. 
When the action takes place in the cold, or at temperatures 
not exceeding 60®, the relative amounts of amylon and 
amylin produced are in accordance with the equation 

(C6Hio05)2o+80Ha = 8Ci2H220n + (C6Hio05)4. If the 
malt extract be heated to 66°, a much smaller proportion of 
amylon is formed, viz. 3Ci2H220n : (C6Hio05)i4 ; if it be 
heated to 75°, or if malt extract heated to 66'' and rendered 
alkaline with sodic carbonate be "employed, the proportions 
are 2Ci2H220n : (C6Hio05)i6; and, lastly, if the transfor- 
mation be effected by malt extract heated to 66"^ and made 
very slightly alkaline with sodic hydrate, the minimum pro- 
portion of amylon, viz. Ci2H220n : (C6Hio05)ia, is ob- 
tained. There is some evidence that other intermediate 
products, partaking of the nature both of amylon and amy- 
lin, are also formed besides amylon and amylin. 

These remarkable results may be explained on the as- 
sumption that soluble starch has a very complex formula, 
viz. Ci2oH2ooOioo=(C6Hio05)2o, and that the amylins 
produced under various conditions are not identical but 
polymeric substances. This hypothesis cannot, however, at 
present be regarded as established, but is extremely suggestive. 
The amylins are more or less gradually acted upon by 
malt extract and converted into amylon; this latter, how- 
ever, is not affected by diastase, although cane-sugar is 
slowly hydrolysed by it. Starch apparently undergoes a 
similar series of changes when submitted to the action of 
dilute sulphuric acid, but is finally resolved into ordinary 
dextrose. Saliva resembles malt extract in its action on 
starch, but is said to produce a small quantity of dextrose. 
The pancreatic secretion readily converts starch into amy- 
lins and amylon, and also slowly converts the latter into 
dextrose; but it is entirely without action on cane-sugar. The 
secretion of the small intestine, on the other hand, has only 
a feeble action on starch, but rapidly hydrolyses amylon and 

also hydrolyses cane-sugar, a\t\\o\iL^oTiV>j xo ^Xmxx.^^^-xx^xA.. 

(Brown and Heron.) 
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lNULiN'(C6Hio05)n. — This carbohydrate is found in the 
tubers of Inula helentum, Helianthus tuberosusy Dahlia, and 
other Composites, and may be obtained by washing the rasped 
root with water, and allowing the inulin to settle down from 
the liquid. It is a white, amorphous, and tasteless substance, 
insoluble, or nearly so, in cold water, but readily soluble in 
boiling water. The solution is coloured brown by iodine. 

Inulin apparently bears somewhat the same relation to 
laevulose that the amylins bear to dextrose, since it is ulti- 
mately converted into laevulose by boiling with dilute acids. 

Glycogen, (CeHioOs)^, is a substance of the same per- 
centage composition as starch, which occurs chiefly in the 
liver of various animals. It may be extracted by boiling 
with water and precipitated by the addition of alcohol. Gly- 
cogen is a white amorphous tasteless body ; it dissolves in 
water forming an opalescent solution, which is coloured vio- • 
let or brown-red by iodine ; it does not reduce an alkaline 
cupric solution, nor does it ferment in contact with yeast, 
but it is converted into dextrose on boiling with diluted 
sulphuric acid, or when placed in contact with diastase, 
saliva, or pancreatic fluid, amylon and amylins being formed 
as intermediate products. 

Cellulose (CeHioOs),,. — Cellulose is the main con- 
stituent of the cells of which all vegetable structures are 
built up; thus cotton is almost pure cellulose. Cellulose is 
colourless and transparent ; it is insoluble in water, alcohol, 
and all ordinary solvents, but is dissolved by a solution of 
cupric hydrate in ammonia, from which it is reprecipitated on 
the addition of acids in the form of white flocculi. Iodine 
does not colour it. If cellulose be placed in cold con- 
centrated sulphuric acid, it is at first converted into a jelly- 
like substance which after a time dissolves; if much water 
be then added, and the solution heated for some hours, care 
being taken to replace the water as it evaporates, the cel- 
lulose is ultimately entirely converted into dextrose, Lmsxv 
rags, for example, thus treated, i\\ITC\^Tela\^•^^xv'^^^5. ^^^ 
weight of dextrose. 
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When acted upon by a mixture of concentrated* nitric ajid 
sulphuric acids, cellulose yields a variety of nitrates {cellulo- 
nitrins\ all more or less explosive, the nature of which de- 
pends on the strength of the acids employed and the length 
of time during which the cellulose is in contact with the 
acid mixture. Thus, if purified cotton-wool be steeped for 
some hours in a mixture of one volume nitric acid (sp. gr. 
1*5) with three volumes concentrated sulphuric acid, it in- 
creases greatly in weight, and is converted, without under- 
going any change of form or in appearance, into pyroxylin 
or gun-cotton (cellulotrinitrin\ the reaction which occurs 
being represented by the equation : 

CfiHioOs + 3HNO3 = C6H702(N03)3 + 3OH2. 

The compound so produced bears to cellulose exactly the 
same relation that ethylic nitrate bears to ethylic alcohol, 
or that glycerotrinitrin (nitroglycerin) bears to glycerin : 

C2H5(OH), C2H5(N03) ; C3H5(OH)3, C3H5(N03)3 ; 

Ethylic alcohol. Ethylic nitrate. Glycerin. Glycerotrinitrin. 

cellulose being a trihydric alcohol, of which pyroxylin is the 
normal nitrate : 

C6H702(OH)3; C6H702(N03)3. 

Cellulose. Cellulotrinitrin. 

Pyroxylin is insoluble in water, alcohol, and ether, but by 
employing less concentrated nitric acid, lower nitrates are 
produced, which are soluble in a mixture of alcohol and 
ether. A solution of these compounds in a mixture of 
alcohol and ether constitutes the well-known collodion. 

The cellulonitrins thus formed are all reconverted into 
cellulose by the action of reducing agents : 

C6H702(N03)3 + 3H, ^CfiHjoOs + 3HNO3. 

Gums. — The gums are a class of substances of vegetable 

origin, more or less closely related to the sugars ; many of 

them dissolve in water, but are precipitated on the addition 

of alcohol, while others merely sweW u^ omtk.^ lo the ab- 

sorption of water and do not dissolve, ^ome ^xe Q»l^^^axft& 
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percentage composition as cane-sugar, and others appear to 
be of the same composition as starch; but we possess little 
<:ertain knowledge on this point, owing to the difficulty 
which exists of obtaining pure substances, most of the gums 
being more or less complex mixtures. 

The best known of the gums is gum arable^ the dried exu- 
dation from various species of acacia growing in Arabia and 
Egypt, which is usually met with in the form of colourless or 
yellowish non-crystalline brittle masses, soluble in water. 
Gum arabic is not a pure substance, however, since on in- 
cineration* it yields 3-4 per cent, of ashes consisting chiefly of 
potassic, magnesic, and calcic carbonate; moreover, speci- 
mens from different sources, when dissolved in water, do not 
affect a ray of polarised light to the same degree, some 
-causing a rotation more or less to the left, others a rotation 
to the right The main constituent of gum arabic is termed 
arabitiy which is said to be a compound of the formula 
Ci2H220n, but this appears doubtful. The gum which 
oozes from chinks in the bark of cherry and plum trees 
contains, together with arabin, a considerable proportion of 
an insoluble modification termed metarabtny which merely 
swells up to a jellylike mass when placed in water, but on 
treatment with alkalies is rapidly rendered soluble and con- 
verted into arabin. Arabin and metarabin appear to be 
normal constituents of most plants, the latter being espe- 
cially plentiful in the sugar-beet, which in some seasons also 
contains a considerable proportion of arabin in its sap. 
Arabin is soluble in water so long as it is kept moist, but 
when once dried it ceases to dissolve, and merely swells up 
in water ; basic plumbic acetate produces in the aqueous 
solution to which ammonia has been added a white preci- 
pitate which is said to have the composition Ci2H2oPbOii. 

On heating arabin with diluted sulphuric acid, a crystalline 
isomeride of dextrose, arabinose^ CgHiaOe, is obtained, 
together with a non-crystalline dextrorotatory ca3:bQ?Ks^^'2i^& 
which apparently is fermenta\Ae. Oxi Nx^-aXxciSx^. ^^ ^iSsx^^^ 
specimens of gum arabic ml\v dSluX.^^ ^\5N?^>iX\s:. ^o.^-. ^'^- 
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binose and the non-crystalline carbohydrate are obtained in 
varying proportions ; the arabin separated from the sugar- 
beet yields on hydrolysis a proportionately larger quantity 
of arabinose, so that it is probable that gum arabic and 
arabin from sugar-beet are mixtures in different proportions 
of the same two compounds, one of which is strongly laevo- 
rotatory and convertible into arabinose, the other being 
dextrorotatory and convertible into a non-crystalline carbo- 
hydrate, this latter being predominant in most specimens of 
gum arabic. 

The roots of the mallow and of various species of orchis, 
linseed, and in fact most plants, contain mucilaginous sub- 
stances, all of which yield mucic acid on oxidation, and 
which are apparently closely related to gum arabic. The 
so-called pectous substances probably also belong to the 
class of carbohydrates. 

Cofisiitution of the carbohydrates. — The determination of the 
constitution of the carbohydrates mainly rests on the facts, 
(i) that, when submitted to the action of nascent hydrogen, the 
glucoses dextrose and laevulose are converted into mannite, 
lactose yielding the isomeric alcohol dulcite ; (2) that these hex- 
hydric alcohols are both derivatives of the paraffin normal 
hexane, CH3.CH2.CH2.CH2.CH3.CH3, as shown by their conver- 
sion into the iodohexane, C4H*9.CHI.CH3, by the action of hy- 
driodic acid ; and (3) that dextrose and laevulose yield saccharic 
acid, COOH.CH(OH).CH(OH).CH(OH).CH(OH).COOH, and 
lactose the isomeric mucic acid on oxidation. On account 
of their stability, mannite and dulcite cannot well be repre- 
sented except by formulae in which each hydroxyl (OH) group 
is shown to be associated with a different carbon symbol; 
but from normal hexane only one formula can be derived, viz. 
CH2(0H) . CH(OH) . CH(OH). CH(OH). CH(OH). CHjjCOH), 
which satisfies this condition : hence it would seem that the 
ordinary hypothesis that isomerides are bodies having different, 
rational formulae is insufficient to explain the isomerism of the 
alcohols in question, and thai iTaa tialMre of the relation which 
* they bear to each other remains \.o \>^ ^\SiCq>i^t^^, TV^ 'sassx^ 
apparently is tnie of the glucoses axvd^et^i^^^^N^xvoJlxJcw^'s.^^Os^^^ 
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rons. The simplest explanation of the properties of the glucoses 
would appear to be furnished by the assumption that they are all 
penthydric monaldehydes, and that they have in common the 
formula CH3(0H).CH(0H). CH(OH).CH(OH). CH(OH).COH. 
The saccharons may be regarded as related to the glucoses some- 
what in the same manner that ethylic ether and alcohol are 
related, i.e. as bodies of the formula [COH.C5H6(OH) J2O ; but it 
may be objected that the fact that cane sugar and other saccha- 
rons are not acted upon by Fehling's solution is scarcely compa- 
tible with the assumption that these carbohydrates are aldehydio 
compounds, i.e. contain the group COH in their formulae. Feh- 
ling's solution, however, is not to be compared with an ordinary 
oxidising agent — most of which act upon the carbohydrates gene- 
rally — and there is no reason to believe that the reducing power 
of the glucoses is to be attributed to the COH group. There 
is little to indicate the constitution of the remaining carbo- 
hydrates. The simplest of the *amylins' from starch, supposing 
several to exist, is not improbably a body of the formula 
C24H40O20 =» 4CeHnj05, formed from the corresponding saccharon 
in the same way that the latter is from the corresponding glu- 
cose. Starch and many of the amyloids are very probably in a 
measure analogous in constitution to compounds such as the 
polymerides of aldehyde (p. 225). 

MERCAPTANS OR THIO-ALCOHOLS. 

The relation which these compounds bear to the alcohols is 
of precisely the same character as the relation which exists 
between the metallic sulphydrates and the metallic hydrates: 

CaHvOH; C2H5.SH. NaOH ; NaSH. 

Ethylic hydrate. Ethylic sulphydrate. Sodic hydrate. Sodic sulphydrate. 

Mercaptans corresponding to the monohydric alcohols of 
the CnHan+i-OH, CnH2n«i.OH,andCnH2n + 7-OH» series; to 

* This series includes compounds of two classes, which correspond 
respectively to the phenols and to benzylic alcohol and its homologues. 
The mercaptans of the former class {thiopkenols) cannot be prepared by 
the action of metallic sulphydrates on the haloid derivatives of the 
corresponding hydrocarbons ; but those of the latter class are tejijJsisi 
obtained from the mono-haloid denvaWNes larcckS^ \i^ "^^ -wiKNss^ ^ 
chlorine or bromine on the bo\\mg \v^dxo<ra.x>aaiNS \\sstcvs^^^'^^ "^'^ 
benzene. 
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the dihydric alcohols of the QH2n(OH)2 and CnH2n_8(OH)2 
series ; and to the trihydric alcohols of the CnH2n_i(OH)3 
series, are known. Several compounds, intermediate between 
the alcohols and mercaptans have been obtained ; such as 

(OH (OH ( SH 

C2H4- gxT intermediate between C2H4 1 QTT and C2H4 1 gTx 

fOH 
SH, intermediate between 
SH 



and CqHc - 



(OH 

OH and C3H5 
SH 



OH 
CaHg-jOHandCaHj 
OH 



SH 
SH 
SH. 



General Methods of Formation, — i. By the action of potassic 
sulphydrate on haloid derivatives of the hydrocarbons of the 

^nH2n + 2 ^^^ CnH2n SeHeS, thuS I 

CnH2n+lCl + KSH =: CnH2n + l-SH + KCl. 
QH2nCl2 + 2KSH = CnH2n(SH)2 + 2KCI. 
CnH2n-lCl3 + 3KSH = CnH2n-l(SH)3 + 3KCI. 

2. By distillation of the corresponding alcohols with phos- 
phorus pentasulphide, e.g. : 

SCnH2n+l-0H + P2S5 = SCnHgn+l-SH + ^205- 

This method has hitherto only been applied to the pre- 
paration of mercaptans corresponding to monohydric alcohols 
of the CaH2n+i.0H and CnH2n-7.0H series, but is doubtless 
of general application. 

3. By the action of nascent hydrogen on the acid chlorides 
derived from the sulphonic acids, for example : 

C6H5(S02.0H) + PCI5 = C6H5(S02C1) + POCI3 + HCl ; 

Benzenesulphonic acid. Benzenesulphonic chloride. 

CeH.,(SOiC\) + 3Hj = CgHs.SH + HCl + 20Hj. 
This method appears to be getveiaSVj aNaSaJs^e. 
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4. The mode of preparing the compounds intermediate 
between the alcohols and mercaptans will be evident from 
the following examples : 

C3H5(0H)2C1 + KSH = C3H5(OH)2(SH) + KCl. 

Monochlorhydrin 

C3H5(OH)Cl2 + 2KSH = C3H5(OH)(SH)2 + 2KCI. 

Dichlorhydiin. 

Properties. — ^The mercaptans of the CnHjn+i.SH^ and 
CnHgn.i-SH series are mobile colourless liquids ; those of 
the CnH2n(SH)2 and CnH2n_ i(SH)3 are viscid liquids which 
undergo alteration on distillation ; the first term of the 
CnH2n_7.SH series {Thiophenol, CgHg-SH) is a liquid, but its 
homologues are mostly crystalline. The only known mem- 
ber of the CnH2n_8(SH)2 series {ThioresorciUy C6H4(SH)2) is 
a crystalline solid. Nearly all the mercaptans possess 
offensive alliaceous odours. The mercaptans yield metallic 
derivatives analogous to those obtained from the alcohols. 
These derivatives are bodies of considerable stability, and 
many of them are readily obtained in a crystalline condition ; 
they are formed from the mercaptans by the action of metals, 
such as sodium and potassium, or of metallic oxides, such 
as mercuric oxide,^ or by the addition of metallic salts, such 

* The following mercaptans of the CnHan + i.SH series have been 

obtained : 

B.-P. 
Methylic sulphydrate CH3.SH 2r° 

EthyUc „ C2H5.SH 36<» 

Isopropylic „ C3H7.SH 57°-6o° 

Isobutylic* „ C4H9.SH 88° 

Isoamylic* „ CgHn.SH about 120° 

* These are derived from the alcohols of fermentation. 

* The name mercaptan (from corpus mercurio aptum), which has now 
become generic, was originally applied to the first-discovered member 
of the class (ethylic sulphydrate, C2H5.SH) on account of the exxsx^^JvR. 
reaction which occurs when it is brou^Vm coT>XasX"'w^\ss!«52csxv^^^^ 
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as plumbic acetate and mercuric chloride, to their alcoholic 
solutions. 

Most characteristic of the mercaptans, however, is their 
behaviour on oxidation by nitric acid, whereby they are 
ultimately converted into sulphonic adds, thus : 

2CnH2n+l.SH + 3O2 = 2CnH2n+i.S03H. 

C,H2„(SH)2 -H 3O2 = C,H2,(S08H)2. 



CHAPTER VII. 

ETHERS. 

The ethers are a class of compounds bearing to the alco- 
hols precisely the same relation that the metallic oxides bear 
to the metallic hydrates ; they may, in fact, conveniently be 
regarded as oxides of radicles of which the alcohols may be 
considered to be the hydrates, thus : 

C^g^)0; C2H5.OH. 55^|0; Na.OH. 

Ethylic oxide Ethylic hydrate Sodic oxide. Sodic hydrate. 

110' 



(ethylic ether), (ethylic alcohol). 
Ethylenic oxide. Ethylenic hydrate. Baric oxide. Baric hydrate. 



C2H4O; C2H4JgJJ BaO; Ba[; 



General Methods of Preparation, — The ethers of the 
(CnHan+OaO, {Q>J^<i^^x)iO and (CnH 20-7)20 series, corre- 
sponding to the monohydric alcohols of the ethylic, allylic, 
and benzylic series, are obtained by the action of the mono- 
haloid derivatives' of the corresponding hydrocarbons on the 

* Only such mono-haloid derivatives as are convertible into, or are 

derived from, corresponding alcohoVs axe a.\a.\la.ble, however. For 

example, the monochloropropylene ^a\\7Y\cc\)Xoiv^0^^wvNt5LVtcsttw^>^^^ 
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sodium or potassium derivatives of the corresponding al- 
cohols, e.g. : 

R'l + R'.ONa = R'.O.R + Nal » 

If the mono-haloid derivative taken is derived from^ or 
convertible into, an alcohol identical with that from which 
the metallic derivative employed is formed, so-called simple 
ethers are obtained ; if it is derived from, or convertible 
into, an isomeric, homologous, or isologous alcohol, so- 
called mixed ethers are produced. Thus by the action 
of ethylic iodide (iodethane) on sodic ethylate (C2H5I -f- 
C2H5.0Na=NaI-f C2H5.O.C2H5) the simple ether, ethylic 
vxide is obtained, which is metameric with the mixed ether, 
propylic methylic oxidey(Q^Yi'jYO.CVi^y formed by the action of 
propylic iodide (a-iodopropane) on sodic methylate, and with 
the isomeric ether isopropylic methylic oxide^ (C3H7)^O.CH3, 
from isopropylic iodide (/3-iodopropane). Similarly, by the 
action of the mono-haloid derivatives of the paraffins on the 
metallic derivatives of allylic alcohol, or by the action 
of allylic chloride, bromide, or iodide on the sodium or 
potassium derivatives, of the monohydric alcohols derived 
from the paraffins, a series of mixed ethers of the form 
CnH2n+ 1.O.C3H5 are obtained. Other series of mixed ethers 
are produced by the action of the mono-haloid derivatives 
corresponding to the alcohols of the ethylic, allylic, and 
benzylic series on the sodium derivatives of the phenols, e.g. : 

CfiHg.ONa + C2H5I = C6H5.O.C2H5 + Nal. 
CfiHs.ONa + C3H5C1 = C6H5.0.C3H5 + NaCl. 

A second general method of preparing simple and mixed 

alcohol readily lends itself to this reaction, but the isomeric monochloro- 
propylene which is the first product of the action of potassiq hydrate on 
dichloropropane, and which cannot be converted into a corresponding 
alcohol, is resolved into allylene and hydrochloric acid. 

* In this equation R denotes a radicle of the CnHan+ijCnH^it-v^ ^"^ 
CnHan-T series. 
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ethers corresponding to the alcohols of the ethylic and 
allylic series consists in acting upon the acid ethereal salts 
formed from the alcohols and sulphuric acid with the alcohols 
of these series, thus : 

CnHan + i.OH + H2SO4 = CnH2„+i.HS04 + OH2; 

CnH2n+i'0H + CnH2n+l»HS04 = CnH2n+ i.0.CnH2n + l 

+ H2SO4. 

Neither of the above methods is available for the prepara- 
tion of ethers corresponding to the phenols. Only one such 
compound is known, phmylic etJier^ obtained by fusing^ 
phenol with diazobenzene sulphate : 

C6H5(N2HS04) + C6H5.OH = (C6H5)20 + N2 + H2SO4. 

The ethers corresponding to the dihydric alcohols, the 
glycols, are prepared by the withdrawal of hydrochloric acid, 
by the action of potassic hydrate, from the chlorhydrins. 
formed from these alcohols by the action of hydrochloric 
acid : 

C„H2„(OH)2 + HCl = OH2 + C,H2,(0H)C1 ; 
C„H2^C1(0H) + KHO = KCl + OH2 + CnH2aO. 

Numerous mixed ethers are obtained by the action of 
mono-haloid hydrocarbon derivatives on the sodium deriva-^ 
tives of the glycols, e.g. : 

C2H4(ONa)2 + 2CH3I = C2H4(OCH3)2 + 2NaI. 

The ether of the trihydric alcohol glycerin is obtained, 
together with other products, on heating glycerin with calcic 
chloride : 

2C3H5(OH)3 = 3OH2 + (C3H5)203. 

It is a colourless somewhat thick liquid. A compound inter- 
mediate between this glyceric ether and glycerin, bearing to 
them the same relation that bismuthous hydrate, BiO(OH), 
bears to bismuthic oxide, BijOg, and to bismuthic hydrate. 
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Bi(0H)3, is produced by acting upon the monochlorhydrin 
of glycerin with potassic hydrate : 

CaHsCKOH)^ + KHO = CaHsOCOH) + KCl + OH2. 

Numerous mixed ethers have been obtained by the action 
of the chlorhydrins of glycerin on the sodium-derivatives of 
the alcohols of the ethylic and allylic series. 

Little is known of the ethers of other series than the above- 
mentioned. 

General Properties of the Ethers, — ^The simple and mixed 
ethers derived from the monohydric alcohols of the ethylic 
and allylic series are colourless mobile liquids. By pro- 
longed heating with water they are resolved into their gene- 
rators, the alcohols : 

R.O.R + OH2 = R.OH + R.OH. 

On digesting them with concentrated sulphuric acid the cor- 
responding acid ethereal sulphates are produced : 

R.O.R + H2SO4 = R.OH + RHSO4 ; 
R.OH + H2SO4 = RHSO4 + OH2. 

They are similarly decomposed on heating with concentrated 
aqueous solutions of the haloid acids : 

R.O.R + HCl = RCl -f- R.OH ; 
R.OH + HCl = RCl + OH2 ; 

and by the action of phosphoric chloride : 

R.O.R + PCI5 = RCl + RCl + POCI3. 

The mixed ethers of the form CnH2n_7.0.CnH2n+i^ de- 
rived from the phenols behave somewhat differently. They 
are decomposed by the haloid acids (most readily by hy- 
driodic acid) in the. manner represented by the equation ; 

CnH2n_7*^*^nH2n+l + HI = CnH2n_7.0H + CnH2n+lI \ 

* These are generically termed anisols^ the first member of the series, 
CHg.O.CeHg, having received the name anisol on account of its 
formation from anisic acid. 

P 
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and on treating with concentrated sulphuric acid are coa- 
verted into sulphonic acids : 

C»Hjn_r O.C„H3„+, + HjSO, - OH, + CnH,^(HS03).0.CnHj^+i. 

The ethers derived from the phenols appear to be still 
more stable compounds. Thus phenylic ether (a crystalline 
compound melting at 28® and distilling at 248®) is not 
affected by heating with a concentrated aqueous solution of 
hydriodic acid to 250® ; concentrated sulphuric acid converts 
it into the disulphonic acid (C6H4.HS08)20. 

The ethers derived from the glycols are far less inert com- 
pounds than the ethers derived from the monohydric alco- 
hols ; they combine with water (to reproduce the glycols), 
the haloid acids, acetic anhydride, &c, thus : 

CHj^O + OH2 ^ QH2„(OH)3 ; 
C„H2,0 -H HCl = C,H2,C1 (OH) ; 

C„H2„0 + (C2H30)20 = C,H2,(O.C2H30)2. 

These changes are readily effected by gently heating the 
ethers with the respective reagents in closed vessels. 

Ethylic Oxide {Ethylic Ether, Ether), C4H10O = 
(C2H5)20. — Preparation, — On the large scale ether is always 
prepared by the so-called continuous process : — 

A mixture of 5 parts of 90 per cent, alcohol with 9 parts of 
concentrated sulphuric acid is heated to a temperature of 140®- 
145® in a vessel provided with an efficient condenser, and a 
constant stream of alcohol allowed to flow in, the rate of 
flow being so regulated as to maintain the temperature at about 
140®. Water and ether distil over together, the formation of 
the latter being the result of two separate and successive 
changes : the alcohol is in the first instance converted into 
hydric ethylic sulphate (sulphovinic acid), which by the action 
of a further quantity of alcohol is converted into ether and sul- 
phuric acid, thus : 

I. C2H5.OH + H^SO^ = OH2 + CjH^.HSO^; 
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The acid thus liberated again enters into reaction with alco- 
"hol, and i>3 again liberated, and this cycle of changes is repeated 
over and over again. Theoretically the same quantity of acid 
should convert an unlimited quantity of alcohol into ether ; 
practically, however, this is not the case,^ partly in consequence 
of the retention of water by the acid which thus becomes too 
-dilute to etherify the alcohol, partly in consequence of the 
occurrence of carbonisation and oxidation at the expense of the 
sulphuric acid. If, in the first place, a mixture of some other 
alcohol than the ethylic with sulphuric acid be taken and ethylic 
alcohol be then added gradually, a mixed ether is produced ; thus, 
supposing amylic alcohol be taken, ethylic amylic ether is 
obtained : 

CgH.j.OH + HjSO^ - OH3 + CgH^.HSO^; 
C3H5.OH + CgHji.HSO^ = C3H5.O.C5HJ1 + HjSO^. 

Properties, — Ethylic oxide is a colourless very mobile 
liquid, having a peculiar exhilarating odour ; it is very vo- 
latile, boiling at 35**. 5 — the vapour forms a highly explosive 
mixture with air; it is somewhat soluble in water, and mis- 
cible in all proportions with alcohol. Ethylic oxide combines 
with bromine, with evolution of heat, forming a crystalline 
compound (C4Hn.OBr3)2, which is decomposed by water 
into its generators. By the action of chlorine on ethylic 
oxide a series of substitution-products is obtained, namely : 

C2H4CI.O.C2H5 C2HCI4 O.C2H5 

C2H3Cl2«O.C2rl5 C2CI5.O.C2H5. 

C2H2Cl3.0.C2ri5 

By the prolonged action of chlorine in sunshine it is ultimately 
converted into the perchlorinated derivative, C2CI5.O.C2CI5. 
The homologous ethers ^ closely resemble ethylic oxide. 

* The 9 parts of acid suffice to convert about 35 parts of alcohol 
into ether. 

* The following ethers derived from normal primary ^.lQj5k\\a\& ^S^^Csafi:. 
ethylic series are known : — 

■P 2 
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THIOETHERS. 

Whereas the ethers are the analogues of the metallic 
oxides, the thio-ethers are the analogues of the metallic 
sulphides : they bear the same relation to the mercaptans or 
thio-alcohols that the ethers bear to the alcohols : 

Thio-ethers have been obtained by the following general 
methods : — 

1. By the action of mono-haloid derivatives of the hydro- 
carbons of the CnHan+a, CnH2n, and CnH2n«6* series on 
potassic or sodic sulphide, e.g. : 

aC^Han+iBr + K^S =^{CJ1^+;)^ -f 2KBr. 

2. By the action of mono-haloid derivatives of the hydro- 
carbons of the CnHjn+a, CnH2n, and CnHan-e' series on th^ 
sodic or potassic derivatives of the mercaptans, e.g : 

CnHan_iI + CaH2n+i»SNa = NaI + CnH2n+i.S.CnH2n_i. 

This method is applicable to the formation of mixed thio- 
ethers corresponding to the anisols from thiophenols. 

3. By distillation of the lead derivatives of the mer- 
captans : 

(CnH2n+lS)2Pb = (C,H2„+i)2S + PbS. 

B..P. 



Methylic ether . 


C^HeO = 


sCHs.O.CHs 


-21° 


Methylic ethylic ether . 


C.,HeO = 


= CH3.O.C2H5 


+ 11° 


Ethylic ether 


C,H,oO = 


= C2H5.0.C2H5 


35°. 5 


Methylic propylic ether 


C6Hi20 = 


= Crlg. 0. C3H7 


49-52° 


Ethylic propylic ether . 


QH^.O = 


= C,H5.0.C3H7 


68-70° 


Propylic ether 


C^^xS>- 


sCsHj.O.CsHy 


85-86° 


Butylic ether 


CgHigOs 


= C^Hg. 0. C4H.9 


141° 



* The chlorinated and brominated derivatives of toluene and its 
homologues obtained by the actVon oi cVAoxvaft or bromine on the 
boiling h/drocarbons are alone ava\\a\Ae. 
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*this method is available for the preparation of simple 
thio-ethers from the thiophenols; in fact, it is generally 
applicable whenever the thio-ether to be produced is capable 
of being distilled unchanged. 

General Properties. — ^With few exceptions the thio-ethers 
are colourless or yellow liquid bodies, possessing character- 
istic offensive odours. The thio-ethers of the (CnH2n+i)2S 
and (CnH2n_i)2S series unite directly with the moniodo- 
paraffins and olefines obtained by the action of hydriodic 
acid on the alcohols of the ethylic and allylic series, to 
form a remarkable series of crystalline compounds ; e.g. : 

(CnH2n + l)2S" + CnH2n + iI = (CnH2n+i)3S*^I* 

These compounds are converted by the action of moist 
argentic oxide into the corresponding hydrates : 

2(CnH2„+l)3SI + Ag20 + OH2=2(CnH2,+ i)3S.OH + 2AgL 

These hydrates closely resemble the metallic hydrates ; their 
aqueous solutions are strongly caustic, exhibit an alkaline 
reaction, and precipitate metallic hydrates from solutions of 
metallic salts, thus : 

2(C„H2n+i)3S.OH + ZnS04 = 

Zn(OH)a+[(CnH2n+,)3S]2S04. 

The corresponding chlorides form crystalline double salts 
with platinic chloride : 

2(QH2n+l)3SCl + PtCl4 = 2(C„H2„+i)3SCI, PtC^. 

On oxidation the thio-ethers are directly converted into 
compounds of the form RgSO, or RaSOg ; the ediers of the 
<CnH2n+i)2S and (C„H2n_i)j^ series yielding compounds 
of both classes, whilst the ethers of the (C„H2n_7)2S series 
derived from the thiophenols appear to yield only com- 
pounds of the latter class. 

Analogies of the metallic d\s^\\v>:C\^^s^ ^^ ^^ ^\:^ssw^^ 
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by the action of the halogens on the metallic derivatives of 
the mercaptans, e.g. : 

2C„H2„_7.SNa + I, = 2NaI + (C„Hj^7)2Sa ; 
and by careful oxidation of the mercaptans : 

^CnHan+l'SH + O = OH2 + (CaH2n+l)2S2» 

These sulphides are reconverted into mercaptans by the 
action of nascent hydrogen : 

(CnH2n4.i)2S2 + H2 = 2CnH2n4.i.SH, 



CHAPTER VIII. 

ALDEHYDES. 

The aldehydes are a class of compounds intermediate 
between Xht primary alcohols and the corresponding acids> 
and are formed from the alcohols by the. simple withdrawal 
of hydrogen — hence the name aldehyde, which is an abbre- 
viation of alcohol dehydrogenatum. The monohydric primary 
alcohols are converted into the corresponding aldehydes by 
the withdrawal of two units of hydrogen ; the dihydric by 
the withdrawal of four units ; in short, a primary alcohol 
which is «-hydric is converted into the corresponding alde- 
hyde by the withdrawal of 2;/ units of hydrogen. The 
aldehydes are the first products of the oxidation of the 
primary alcohols ; they are characterised and distinguished 
from the ketones, which are similarly related to the secondary 
alcohols, by the fact that they are converted on oxidation 
into acids containing the same number of units of carbon, 
the change consisting in the assMmption of an amount of 
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oxygen equivalent to the amount of hydrogen withdrawn in 
the formation of the aldehyde from the primary alcohol : 

CjHfiO-Ha = C2H4O ; C2H4O + O = C2H4O2. 

Alcohol Aldehyde. Aldehyde. Acetic acid. 

The methods employed in the formation of the primary 
monohydric alcohols, and their behaviour with reagents, 
have led to their representation by the general expression 
R.CH2(0H), R being a monad hydrocarbon group or 
radicle ; in other words, the group (CHg.OH) is regarded 
as common to the monohydric primary alcohols ; similarly, 
the polyhydric primary alcohols, which are «-hydric, are 
formulated as containing the group (CH2.OH) n times. 
On the other hand, a consideration of the reactions giving 
rise to the formation of aldehydes and their chemical beha- 
viour, has led to the assumption that in the conversion ol 
the primary alcohols into aldehydes, the group (CH2.OH) 
is alone affected, and is converted into the group (COH). 
Hence the aldehydes derived from monohydric alcohols are 
generally represented by the expression R'.COH, and the 
monobasic acids formed from them by oxidation by the for- 
mula R'.CO(OH); the relation between the three series 
of compounds, as a comparison of the following general for- 
mulae will show, is thus of an extremely simple character : 





R' 




fR' 




[R' 


C'»- 


H, ; 


C'»- 


0" ; 


Q\S, 


0" 




(OH)' 




H 




I (OH)' 


Mono 


fijKiric alcohol. 


Ale 


lehyde. 


Mon 


obasic acid 



At present we are only acquainted with aldehydes derived 
from monohydric and dihydric alcohols ; those correspond- 
ing to the more important lower terms of the CnH2n + i-OH, 
CnH2n_i.0H, and CnHjn^y.OH series of monohydric al- 
cohols have been chiefly studied, and we have little or no 
knowledge of the higher terms of the setve.?». 
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ALDEHYDES OF THE COMPOSITION R'.COH. 

General Methods of Formation, — i. By the oxidation of 
the primary alcohols : 

2R'.CH2(OH) + 02 = 2R'.C0H + 2OH2.1 

* It is usually supposed that the change which occurs on oxidation 
of the alcohols consists simply in the withdrawal of Hg from the 
CHa(OH) group and the simultaneous resolution of the monad (OH) 
group into its constituents, thus : 

R'.CHa(OH) + O - OHa + R'.C(OH) = R'.COH. 

There is some probability, however, attaching to the assumption that 
the formation of the aldehyde is the result of two distinct changes, the 
first of which consists in the production of a compound of the form 
R'.CH(OH)(OH), which is subsequently broken up into the aldehyde 
and water, the former of these changes being brought about either (a) 
by the direct addition of oxygen to the alcohol, or {p) by the combined 
influence of the nascent oxygen and water, or (r) perhaps by the agency 
of hydroxyl (hydric peroxide, (0H)2) itself, thus : 

{a) R'.CH2(OH) + = R'.CH(OH)2. 
{b) R'. CHaCOH) + O + OH2 = R'. CH(0H)2 + OHjj. 
(0 R'.CHaCOH) + (0H)2 = R'.CH(0H)2 + OHg. 
R'. CH(0H)2 = R'. COH + OH^. 

In support of this hypothesis is the fact that the aldehydes are known to 
forrti unstable compounds with water of the composition R'.CH(OH)2, 
which are readily broken up into the aldehyde and water. 

The same applies to the secondary alcohols which yield ketones on 
oxidation (see p. 149, and ketones), thus : 

R'2.CH(0H) + O + OH2 « R'2.C(0H)a + OHa ; 
R'g. C(0H)2 = R'XO + OH2. 

In the case of the tertiary alcohols, R'3.C(0H) (see p. 149), the 
first change possibly consists in the resolution of the alcohol into a com- 
pound of the form R'2.C(0H)3, which is subsequently resolved into a 
ketone and water, and an alcohol of the form R'.OH which at once 
undergoes further oxidation. Thus in the case of dimethylisopropyl- 
carbinol, which, yields acetone and ace\.\c acvi oiv o-sCxdaSisya.^th.e reaction 
may be resolved into the following phases*. 
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2. By dry distillation of an intimate mixture of calcic, 
potassic, or sodic formate and the corresponding metallic 
salt of a monobasic acid : 

HCO(ONa) + R'.COONa = R'.COH + Na^COa. 

General Properties, — i. The aldehydes exhibit a remark- 
able tendency to suffer change, and, as a rule, can only be pre- 
served unaltered for any length of time if perfectly pure ; the 
presence of mere traces of impurity often suffices to ensure 
their gradual conversion, either into polymeric substances, 
or condensation-products (see acetic aldehyde), 

2, The aldehydes are readily converted by oxidation into 
corresponding acids, often by mere exposure to the air. In 
all cases this change is rapidly effected on warming with 
argentic oxide and water : metallic silver is deposited, the 
silver salt of the acid remaining in solution : 

R'.COH + AgaO = R'.CO(OH) +Ag2; 
2R'.C0(0H) + AgaO =t= 2R'.C0(0Ag) + OH2. 

3. By the action of nascent hydrogen * the aldehydes are 
converted into the corresponding monohydric alcohols : 

R'.COH + Hj = R'.CH2(0H). 



C 



/CH3 
(OH) +CH(CH3)a.0H; 
I (OH) 



CH, 

cScH,).-^^ + ^«»-C^ 
I (OH) 

CH(CH3)2. OH + O + OH2 = C(CH3)2(0H)a + OHg ; 
2C(CH3)a(0H)a « 2OH2 + 2C0(CH3)a. 

The acetic acid produced results from the oxidation of the acetone. 

This example, moreover, is a striking illustration of the law which 
appears to govern these changes, viz. : that if the tertiary alcohol which 
is oxidised contain dissimilar groups, the ketone which is formed always 
contains the two most stable — ^usually the least complex — groups, the 
least stable — ^usually the most complex — group being split off and at 
once further oxidised. 

* The hydrogen evolved by the action of metals on diluted acids is 
not generally available for this purpose •, usualV^ «i<i\»scw ^sM^s^sass^Vs* 
sdded to a solution of the aldehyde m vioXcx. 
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Often the fixation of hydrogen is accompanied by condensa- 
tion, and a dihydric alcohol is also produced, thus : 

* 

4. "When heated with fused potassic hydrate, the aide- 
hydes are converted into the potassic salts of the corre- 
sponding acids : 

R'.COH + KHO = R'.CO(OK) -h Hj. 

In many cases the hydrogen thus set free reacts at the 
moment of liberation on a portion of the aldehyde, and 
converts it into the corresponding alcohol (see p. 170). 

5. By the action of phosphorus pentachloride or bromide, 
the oxygen of aldehydes may be replaced by the equivalent 
amount of chlorine or bromine, thus : 

R'.COH + PCI5 == R'.CHCla + POCI3. 

6. By the action of chlorine, when certain precautions 
are observed, the aldehydes are converted into the corre- 
sponding acid chlorides (see acetic aldehyde) : 

R'.COH + CI2 = R'.COCl + HCl. 

7. The aldehydes combine directly with the acid sul- 
phites of the alkali metals, forming crystalline compounds, 
from which the aldehydes may be again obtained on treat- 
ment with a mineral acid or an alkaline carbonate : 

R'.COH -h HNaSOa = R'.CH(0H)(NaS03). 

These compounds afford a ready means of purifying alde- 
hydes. 

8. The aldehydes of the acetic or CnH2n + i.COH series 
combine directly with ammonia, forming crystalline com- 

pounds, the so-called aldehyde-ammonias \ 

CnHsn+vCOn 4- NH3 = c,ii^x,^ve^^^^^^^^* 
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The aldehydes of the acrylic or CnHgn^i.COH series 
appear to behave differently — thus acrolein yields the com- 
pound CfiHgNO : 

2C3H4O + NH3 = OH2 + CfiHgNO. 

By the action of ammonia on the aldehydes of the benzoic 
and allied series, the whole of the oxygen of the aldehyde is 
at once eliminated in the form of water, and so-called 
hydraviides are produced : 

3CnH2„.7.COH + 2NH3 = 3OH2 + (C,H2„_7.CH)3"N2. 

The aldehyde-ammonias are mostly resolved into the 
aldehyde and an ammonic salt on treatment with acids ; 
on heating, either alone or with dehydrating agents, the 
oxygen they contain is partially or wholly removed in the 
form of water, and ammorria also split off, and a series of 
basic condensation-products, ^^^////V/^i" and aldines^ is formed.^ 

9. By the action of aniline on the aldehydes, numerous 
phmylated-aldines are produced, the oxygen of the aldehyde 
being eliminated in the form of water ; thus in the case of 
acetic aldehyde : 

2N(C6H5)H2 + C2H4O = OH2 + N2(C6H,)2(C2H4)H2. 
2N(C6H5)H2 + 2C2H4O = 2OH2 + N2(C6H5)2(C2H4)o. 

Considerable interest attaches to many of the products thus obtained.. 
Thus SchifF has recently shown that on digesting normal butyric aide- 
hyde with an alcoholic solution of ammonia, it is converted into 
dibutyraldine, CsHi^NO = 2C4H8O + NH^ - OHa ; and that on dry dis- 
tillation this product is converted into a substance of the same composi- 
tion as Conine^ CsHigN, the poisonous alkaloid contained in hemlock. 
This artificial conine possesses almost all the properties of natural 
conine, with which, however, it appears to be isomeric and not identi- 
cal, natural conine being probably a der ctive of isobutyric aldehyde. 
Similarly, Baeyer has shown that by submitting acrolein-ammonia — 
CgHgNO— to dry distillation, it is converted into picolin — CeH^N — 
a basic substance formed by the de,%\x\xt\\N^ ^\^\SJkaJCv<5»w <:^ ^csaaaaaS^ 
matters, &c. 
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The aldehydes behave similarly with urea : by their 
action on a concentrated aqueous or alcoholic solution of 
urea so-called diureides are produced, thus : 

2CON2H4 + C„H„0» = OH, + C,H«(CON2H3)2 ; 

whilst by their action on dry urea triureides are formed : 

CONaHaip ^ 

3CON2H4 + 2CnH„0 = 2OH2 + CON.Hal/ "» 

CONoHj^nH, 



'm i 



and similarly even still more complex compounds may be 
obtained. The ureides are readily resolved by the action of 
boiling water, or diluted acids, into the aldehydes and urea. 
I o. The aldehydes combine directly with hydrocyanic acid ; 
on heating the compounds formed with dilute hydrochloric 
acid, oxy-acids containing one unit of carbon more than the 
aldehyde employed are produced (see lactic acid) : 

R'.COH + HCN = R'.CH(OH)(CN) ; 
RXH(OH)(CN) + 2OH2 = R'.CH(0H)(C0.0H) + NH3. 

Corresponding amido-acids are obtained on digesting the 
aldehyde-ammonias (p. 218) with hydrocyanic acid, and 
subsequently heating the product with dilute hydrochloric 
acid : 

R'.CH(0H)(NH2) + HCN = R'.CH(CN)(NH2) + OH2 ; 
R'.CH(NH2)(CN) + HCl + 2OH2 = 

NH4CI + R'.CH(NH2)(C0.0H). 

II. Many of the aldehydes also combine with such com- 
pounds as monochlorethane (ethylic chloride) — C2H5CI, 
acetic chloride — C2H3OCI, acetic anhydride — (C2H30)20, 
alcohol, hydrochloric acid, and water. All these additive' 
compounds are highly unstable, however, and are readily 
resolved into their components. 

This expression denotes generally an sXdf^K^dft denved from a 
monohydnc silcohol. 



.o 
.o 
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CnH2n+i.C0H OR ACETIC SERIES OF ALDEHYDES. 

The following members of the series are known * : — 

B.-P. 

Formic or methylic aldehyde H.COH gaseous. 

♦Acetic or ethylic „ CH3.COH 22° 

♦Propionic or propylic „ C2H5.COH 48^5 

♦Butyric or tetrylic „ CgHytt.COH 75° 

Isobutyric or isotetrylic „ CaHy^.COH 60*^-62** 

♦Valeric or pentylic „ C4H9*.COH 102* 

flsovaleric or isopentylic „ C4H9^.COH 93' 

tCaproic or hexylic „ C5HnP.C0H 121" 

*CEnanthylic or heptylic „ CgHia* COH 152' 

Caprylic or octylic' „ CgHjgO 171*^-178*' 

Palmitic or hexdecylic „ Ci6H820 melts at 52°. 

Formic or Methylic Aldehyde, CHjO = HCOH. — 

* Doubtless every alcohol R'.OH is convertible into a correspond- 
ing acid R'.CO(OH) — (see acids, preparation of, p. 242) — capable in 
turn of yielding a corresponding aldehyde R'.COH. The aldehydes 
derived from primary alcohols may be termed primary, those derived 
from secondary termed secondary, those derived from tertiary termed 
tertiary ; and the aldehydes derived from isoprimary, isosecondary, or 
isotertiary alcohols termed isoprimary, &c. Thus : — 

C(CnHan+i)H2.0H ; C(CnH2n+i)2H.OH; C(CnH2n+i)3.0H. 
Primary carbinoL Secondary carbinol. Tertiary carbinol. 

C(CnH2n+i)H2.COH ; C(CnHan+i)2H'COH ; C(CnH2n+i)3«OH. 
Primary aldehyde. . Secondary aldehyde. Tertiary aldehyde. 

The aldehydes marked thus * in the above list are normal primary 
aldehydes, being derived from normal primary alcohols ; those marked 
+ are isoprimary and are derived from the isoprimary alcohols of fer- 
mentation. Isobutyric aldehyde, obtained by oxidising isoprimary 
butylic alcohol, may be regarded as the first term of the series of nor- 
mal secondary aldehydes of the acetic series. It will be noticed that 
the rise in boiling-point in the series of normal primary aldehydes 
corresponding to each addition of CH2 is about 26*^, 

» Yxom castor-oil (see ricinoleic acid). 
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Until recently all attempts to prepare this aldehyde by the 
ordinary methods had proved unsuccessful, but Hofhiann 
has shown that if certain precautions are observed it may be 
obtained by oxidation of methylic alcohol 

A current of air charged with vapour of the alcohol is directed 
upon an incandescent spiral of platinum wire suspended in a 
tubulated glass bottle, and afterwards passed through tubes 
surrounded by a refrigerating mixture. The heat generated by 
the oxidation of the alcohol is sufficient to keep the wire in a 
state of glow if the air- current be properly regulated. The liquid 
which condenses in the tubes is a solution of formic aldehyde in 
methylic alcohol which at once reduces an ammoniacal solution 
of argentic nitrate, the aldehyde being oxidised to formic acid. 
It is not possible, however, to isolate the aldehyde from this 
solution : if the alcohol be evaporated by exposure of the 
liquid over sulphuric acid in vacuo, a yellowish-white amorphous 
substance remains, which is apolymeride of formic aldehyde. 

This polymeride probably has the composition C3H6O3 
= 3CH20, and is identical with the %0'C2l\t& dioxymethyIeft€y 
obtained by Butlerow by treating methylene iodide (diiodo- 
methane) with argentic oxide : arCH2l2 +^Ag20 =^H20 
+ 2xKgl, On heating, under reduced pressure (in Hof- 
mann*s vapour- density apparatus, p. 22), it is converted into 
the gaseous normal aldehyde, CH2O, which, however, on 
cooling is slowly reconverted into the polymeride, so that it 
appears to have but an ephemeral existence. On passing 
sulphuretted hydrogen into the above-mentioned alcoholic 
solution, the aldehyde is converted into the corresponding 
thialdehyde^ CxH2xSx (? ^=3), a white crystalline substance, 
melting at 216° ; the same compound is obtained by the 
action of nascent hydrogen on carbonic disulphide : JCCS2 
-f-2^H2 = CxH2xSx + ^SH2. By the action of ammonia 
on dioxymethylene (formic aldehyde) a crystalline compound 
{Jiexmethylenamine) of the formula C6H12N4 = 2C3H6O3 
-f 4NH3 — 6OH2 is obtained. On boiling dioxymethylene 
with Si solution of baric "hydiaXe, Sx. \^ coxvNrei\&$L ydx^ 
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tndhylenitan and formic acid. Methylenitan is said to 
have the composition CyH^Oe, but tiiis does not appear 
to have been satisfactorily established; in many respects 
it closely resembles the natural sugars, and on this account 
a renewed investigation of the reaction is much to be 
desired. 

The liquid product of the dry distillation of calcic formate 
[(HC0.0)2Ca] contains a considerable proportion of me- 
thylic alcohol ; it appears probable that formic aldehyde is 
first formed, but is converted by the action of hydrogen, 
simultaneously evolved, into methylic alcohol, thus : 

(HC0.0)2Ca = H2 + CO + CaCOa. 
(HC0.0)2Ca = HCOH + CaCOa ; 
HCOH + H2 = CH3.OH. 

According to recent researches of Baeyer, formic aldehyde 
is a body capable of entering into reaction with a very large 
number of compounds of various classes. In the case of tlie 
hydrocarbons of the aromatic series, the primary reaction ap- 
pears always to be of the character indicated by the equation : 

CH,0 + 2C,H,,_6 = OH2 + CH2 (C„H2n_7)» ;' 

the product thus obtained, however, may, and indeed often 
does, in turn react with a further portion of the aldehyde in 
a similar manner. The phenols, resorcin, pyrogallol, and 
the oxy-acids, such as salicylic acid, gallic acid, &c., are also 
attacked by formic aldehyde : water is eliminated, and new 
complex compounds result.^ Reactions of this kind, which 

' If benzene be used, diphenylmethane, CH2(CeH5)2, is formed. 

* To effect these changes Baeyer employs either a solution of the 
aldehyde in acetic acid prepared by heating methylene iodide (CH2I2) 
with acetic acid and argentic acetate at lOO*' and subsequently digesting 
the portion of the product which passes over on distillation at 130^- 
170*^ with an equal weight of water in closed tubes at 100°, or methylal^ 
CH2(0CH3)j (p. 230). The acetic solution, or the methylal, is 
dissolved together with the s\i\)s\.a.iict V.o \i^ ^siXj^i^ >a?^wi.\sv ^as^^Ss^ 
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appear moreover to be specially characteristic of the aide- 
hydes as a class,* claim the attention of the vegetable physi-^ 
ologist There can be little doubt that formic aldehyde is 
one of the first substances generated in the plant from the 
carbonic anhydride and water which are absorbed and de- 
composed within the plant, apparendy under the combined 
influence of the chlorophyl and sunlight : it may be supposed 
that carbonic anhydride is reduced to carbonic oxide, and 
water simultaneously resolved into its elements oxygen and 
hydrogen, and that the latter and carbonic oxide unite 
to produce formic aldehyde* : 

CO2 = O -f CO ; OH2 = O + Ha ; CO + H2 = CHgO. 

Acetic or Ethylic Aldehyde, C2H4O = CHj.COH^ 
commonly known as aldehyde^ is the first product of the 
action of nearly every oxidising agent on ethylic alcohol ; it 

acetic acid, and concentrated sulphuric acid then cautiously added ;. 
the product is usually extracted from the mixture by shaking with 
ether. Mesitylene (p. 126) treated in this manner yields a crystal- 
line hydrocarbon, diniesitylmethane — CH2(C9Hii)2 — which is formed 
with such readiness that the reaction may be employed as a means of 
detecting either formic aldehyde or mesitylene ; thus dimesitylmethane 
is even obtained with the aid of a mixture of cold solutions of chromic 
anhydride and methylic alcohol in glacial acetic acid, proving that under 
these circumstances methylic alcohol is normally oxidised to formic 
aldehyde, although the latter cannot be isolated by ordinary means. 

' All aldehydes which can be mixed with concentrated sulphuric 
acid without undergoing alteration appear to react in the manner indi- 
cated with aromatic hydrocarbons; but the various changes which take 
place rapidly on heating, or which are induced and hastened by the 
employment of dehydrating agents such as sulphuric acid, &c., doubtless 
can occur at ordinary temperatures, and without such extraneous aid, 
ue. under conditions similar to those which obtain in plants, although 
necessarily in a slow and gradual manner. 

* Recent experiments of Sir B. Brodie and the brothers Thenard 
tend to show that formic aldehyde is produced when a mixture of car- 
bonic oxide and hydrogen gas is svibmVlled to the action of the silent 
electric discharge. 
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is most conveniently prepared with the aid of a mixture of 
potassic dichromate solution and sulphuric acid. 

The product is in all cases more or less contaminated with 
alcohol and acetic acid ; it is therefore allowed to remain for 
some hours in contact with about its own weight of calcic chlo- 
ride and then distilled ; the distillate is mixed with thrice the 
volume of ether and saturated with ammonia gas, the crystalline 
aldehyde-ammonia which forms is collected, washed with ether, 
pressed between folds of bibulous paper, and decomposed by 
distillation with diluted sulphuric acid on the water bath ; finally 
the distillate is digested with calcic chloride and rectified. 

Aldehyde is a colourless mobile liquid, possessing a pe- 
culiar characteristic ethereal, but suffocating odour ; it boils 
at 22°, and at o® has the specific gravity •805*'. Aldehyde 
is soluble in all proportions in water and alcohol ; it is 
neutral to test paper, but gradually becomes acid on exposure 
to the air. All oxidising agents rapidly convert aldehyde 
into acetic acid ; on warming an aqueous solution to which 
argentic nitrate and a drop of ammonia has been added, a 
brilliant film of metallic silver is deposited ojti the inner 
surface of the vessel. On heating aldehyde with an aqueous 
or alcoholic solution of potassic hydrate, a brown resinous 
substance, the so-called aldehyde-resin, is produced ; similar 
products are obtained from all the homologous aldehydes of 
the acetic series. Aldehyde dropped upon molten potassic 
hydrate is converted into potassic acetate. On passing 
sulphuretted hydrogen into an aqueous solution of aldehyde, 
a heavy oil is thrown down, which is a compound of aldehyde 
with thialdehyde, and is resolved by treatment with acids 
into these two bodies. Thialdehyde crystallises in white 
needles having an alliaceous odour; the determination of 
its vapour-density has shown that it has the composition 
CeHiaSg, so that it does not correspond to aldehyde C2H4O, 
but to the polymeride of aldehyde, C6Hi203. 

Poly merides of Aldehyde. — Pure aldehyde ma.^ b^T^'«aKsx'5^^ 
unchanged m closed vessels, "bviX. oxv ^'i "aj^^ij&NsscL '^K ^«>kxs:- 



226 Organic Oientistry, 

traces of hydrochloric, sulphurous, or sulphuric acid, or qf 
zincic chloride, &a, &c., it is noticed that the liquid soon 
becomes spontaneously heated, and to such a degree that it 
even enters into ebullition, the aldehyde being almost entirely 
converted into paraldehyde^ CgHjaOa = 3C2H4O. Paralde- 
hyde is a clear colourless Hquid at ordinary temperatures, 
boiling at 124°, but if cooled to below 10° it solidifies to a 
white crystalline mass ; on distillation with a small quantity 
of sulphuric acid it is reconverted into aldehyde. 

A second polymeride, metcUdehydey ^t^j^kJ^t.'* is obtained 
if, on the addition of either of the above-mentioned substances, 
the aldehyde be carefully cooled by a refrigerating mixture ; 
after some time white crystalline needles of metaldehyde 
separate from the liquid. The relation of metaldehyde to 
aldehyde has not yet been ascertained j it is reconverted 
into aldehyde on heating. 

Condensation Products of Aldehyde, — i. The main product 
of the action of sodium amalgam upon an aqueous solution 
of aldehyde is ethylic alcohol, but if the solution be main- 
tained slightly acid by repeated additions of hydrochloric 
acid, a small quantity of butylene-glycol (C4H10O2) is also 
produced : 2C2H4O + H2 = C4H10O2. 

2. If a mixture of aldehyde, water, and hydrochloric 
icid, which has stood about fourteen days, be neutralised 
with sodic carbonate, and shaken up with ether, the latter 
extracts a viscid colourless liquid of the composition 
C4H8O2. The reaction which gives rise to the formation of 
aldol, as this product is termed, probably includes the phases : 

CH3.COH -i- HCl = CH3.CHC1(0H) ; 

CH3.CHC1(0H) -i- CH3.COH = 

CH3.CH(OH).CH2.COH + HCl. 

Aldol is the aldehyde of an oxybutyric acid ; it is con- 
verted into butylene-glycol by the action of nascent hydrogen, 
and into oxybutyric acid on oxidalioiv. b'^ a.tg<entic oxide ; on 
distillation it is split up into waXei axv^ cxoVoxCv:. ^^^w^^^. 
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3. If pure aldehyde is heated with a very small quantity of 
xincic chloride and a few drops of water in closed vessels, 
during one to two days, at 100°, it is in a great measure con- 
verted into crotonic aldehyde, C4H6O = 2C2H4O— OH2, 
a colourless mobile liquid boiling at 104° ; higher condensa- 
tion products, of which little is known, are also formed 
simultaneously. Small quantities of numerous other sub- 
stances (sulphuric and sulphurous acid, carbonic chloride, 
many salts, &c.) are capable of thus converting aldehyde 
into crotonic aldehyde ; moreover, the change may be 
effected, although slowly, at ordinary atmospheric tempera- 
tures, and in presence of large quantities of water. The for- 
mation of crotonic aldehyde is probably preceded by that 
of aldol. The relation of aldehyde to butylene glycol, aldol, 
and crotonic aldehyde is indicated by the following formulae : 

/CH3 fCHa 

tcOH . ICH(OH) 

(CH3 ' IcHa 

ICOH LCH2(0H) 

Aldehyde. Butylene-glycol.* 

Action of Chlorine on Aldehyde, — The products of the 
action of chlorine vary greatly, according to the conditions 
of experiment If aldehyde be introduced into a large 
flask filled with chlorine, violent reaction ensues, and acetic 
chloride is produced : CH3.COH + CI2 = CH3.COCI + 
HCL The same result obtains on passing chlorine into a 
well-cooled solution of aldehyde in carbonic tetrachloride 
exposed to sunshine. In both cases a certain quantity of 
a compoimd of aldehyde and acetic chloride, C2H4O, 
C2H3OCI = CH3.CHC1(0.C2H30), is prodirced. 

* Butylene-glycol is probably formed in the manner indicated by the 
following equations : 

2Cn3.CH{OH)2 = CH3.CH(OH)!cH3.CH(OH).^ + Ottv> 
CH3.CH(OH).CH.^.CH^OH^^-v^^ - 



fCHs 


rCHa 


CH(OH) . 


CH 


CHj ' ^ 


CH • 


.COH 


XOH 


AldoL Crotor 


lie aldehyde. 



228 Organic Chemistry. 

If, however, chlorine be passed into aldehyde, which at 
first is well cooled, but afterwards heated to ioo°, until it 
ceases to be absorbed, the product consists of trichlorocro- 
tonic aldehyde^ C4H3CI3O. In this case, by the first action 
of the chlorine, hydrochloric acid is produced, whereby the 
aldehyde is converted into crotonic aldehyde, and by the 
continued action of chlorine the latter is transformed inta 
trichlorocrotonic aldehyde. 

If aldehyde be mixed with water, or a moderately dilute 
aqueous solution of hydrochloric acid, a considerable rise of 
temperature occurs, proving, it can scarcely be doubted, that 
chemical combination has taken place, thus : 

CH3.COH + OH2 = CH3.CH(OH)2. 
CH3.COH + HCl = CH3.CHC1(0H). 

If either of these solutions, placed in a retort, and cooled ta 
— 10°, be acted upon by chlorine, and after tlie action has 
continued some time at the low temperature, the mixture be 
gradually heated in the water-bath, and the current of chlo- 
rine still passed in, a considerable quantity of an oily liquid 
distils over, which is a mixture of the hydrates of di- and 
trichloraldehyde (chloral), thus : 

CH3.CH(OH)2 + 3CI2 = CCl3.CH(OH)2 + 2HCI. 

Aldehyde-hydrate. Trichloraldehyde-hydrate. 

Trichloraldehyde {Chloral), C2HCI3O = CCI3.COH. 
The formation of chloral from alcohol and aldehyde has 
already been fully dwelt upon. Chloral is a colourless, 
heavy liquid (sp. gr. 1.5), which boils at 94°; when kept it 
undergoes spontaneous modification, being converted into 
a white, insoluble, amorphous polymeride — so called meta- 
chloral, which is reconverted into chloral on distillation. 
On mixing chloral with water, much heat is evolved, and 
it is converted into chloral-hydrate, CCl3.CH(OH)2, a. 
white crystalline substance wbicYi d\s\.\Vs \m.c3aaxN.^ed^ but is^ 
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broken up into its generators when heated a few degrees 
above its boiling-point (95°). Chloral also combines with 
ethylic alcohol, and its homologues, and the correspond- 
ing mercaptans to form crystalline compounds, such as 
CCl3.CH(OH)(OC2H5) and CCl3.CH(OH)(SC2H5) ; all 
these when heated a few degrees above their boiling-points 
are resolved into their generators. The compounds of chloral 
with water and the alcohols are also decomposed on treat- 
ment with concentrated sulphuric acid, chloral being liber- 
ated. On oxidation chloral is converted into trichloracetic 
acid, CCl3.C0(0H). Chloral is readily decomposed by 
alkalies, trichloromethane (chloroform) and a formate being 
produced : CCI3.COH -h KHO = CCI3H -f- HCO(OK). 
Chloral-hydrate introduced under the skin, or administered 
internally, is similarly resolved into chloroform and formic 
acid ; the physiological action of chloroform thus generated 
within the system, as it were, is to produce deep sleep, but 
not insensibility to pain as when inhaled. By tiie action of 
nascent hydrogen chloral is reduced to aldehyde. Chlorine 
IS without action on chloral, even in presence of antimonic 
chloride ; phosphorus pentachloride converts chloral into 
pentachlorethane, CjHClg. In presence of concentrated 
sulphuric acid chloral readily acts upon benzene and the 
homologous hydrocarbons ; thus : 2C6H6 + C2HCI3O = 

OH2 + C2HCl3(C6H5)2. 

Acetals, — The aldehydes of the acetic series are isomeric 
with the ethers derived from the glycols containing the 
same number of units of carbon ; thus acetic aldehyde 
{B.-P. 22®) is isomeric with ethylene oxide (B.-P. 13°. 5), the 
ether of glycol.* Similarly, the mixed ethers of the form 
C„H2n(O.CmH2m+i)2 derived from the glycols (p. 208) are 
isomeric with the acetals, which are a class of compounds 

» (CH3. iCH^iQ. jCH^.OH 

ICOH' ICHa/"' ICHa.OH. 

Aldehyde. Eth^leue ox\de. ^>i^:^ 
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formed by the union of the aldehydes of the acetic series 
with the alcohols of the ethylic series with simultaneous 
elimination of the elements of water ; thus : 
CnH,„+i.COH + 2 C^Hjto+i.OH = 

OHj + CnH2n+i.CH(O.CaH2ni+l)2 \ 

or more probably : 

CnH2„+i.CH(OH)2 + 2CaH2m+l.OH = 
Aldehyde-hydrate. Alcohol 

2OH2 + CnH2n+l-CH(O.CmH2m+l)2- 

Acetal. 

The acetals are decomposed by concentrated sulphuric 
acid, probably in the manner indicated by the equations • 

C„H2„+i.CH(O.C„H2„,+ i)2 + 2H2S04 = 

C„H2„+,.CH(OH)2 + 2C„H2„,^i.HS04; 
C„H2n+i.CH(OH)2 = OH2 + CnH2„+i.C0H. 

Methylal^ CH2(OCH3)2, the first term of the series, is 
obtained by distilling a mixture of methylic alcohol, man- 
ganic peroxide, and sulphuric acid : the alcohol is doubtless 
in part oxidised to formic aldehyde, which at the moment of 
formation reacts on a further portion of the alcohol, producing 
methylal. It is a colourless liquid boiling at 42°. 

Acetal^ CH3.CH(OC2H5)2, isomeric with the mixed ether 
C2H4(OC2 1^5)2 derived from glycol, is similarly prepared 
by partially oxidising ethylic alcohol. It is also one of 
the main products at first formed by the action of chlorine 
on alcohol. When gaseous hydrochloric acid is passed inta 
a solution of aldehyde in anhydrous alcohol, the product 
of their union, CH3.CH(OH)(OC2H5), which may be 
supposed to be present, is converted into the com- 
pound CH3.CHC1(OC2H.O, which is identical with the 
first product of the action of chlorine on ethylic ether; 
on heating this compound with sodic ethylate, acetal is 
formed, thus : 

Cflj.CHCKOCaHs) -V C^K^O^a.^ 
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Acetal is a colourless liquid of agreeable ethereal odour, boil- 
ing at 104*^ ; the isomeric ether from glycol boils at i23°.5. 

Comparatively little is known of the higher homologues of 
acetic aldehyde. 

CnHan-i-COH OR ACRYLIC SERIES OF ALDEHYDES. 

Two aldehydes of this series are known, namely : — 

B.-P. 

Acrylic aldehyde or acrolein . C3H4O 52*^.5 
Crotonic aldehyde . . . C4H6O io4°.5 

Acrylic Aldehyde {AcroIeiii)^Q^S^ = CHatCH-COH, 
is formed on oxidation of allylic alcohol by chromic acid, 
but the greater portion is at once flirther oxidised ; it is best 
prepared by distilling glycerin with a dehydrating agent, 
such as phosphoric anhydride, or hydric potassic sulphate : 
CaHgOa = 2OH, -f C3H4O. Acrolein is a constant pro- 
duct of the destructive distillation of all fats containing 
glycerides. 

Acrolein is a colourless mobile liquid ; the vapour has an 
indescribably irritating action on the eyes and nose, a few 
drops sufficing to render the atmosphere of a large room 
absolutely unbearable. Acrolein is readily oxidised by 
argentic oxide to acrylic acid, C3H4O2 ; more powerful 
oxidising agents, such as chromic acid, convert it into formic 
acid, • carbonic anhydride, and water. Nascent hydrogen 
(sodium amalgam and water) reduces acrolein to allylic 
alcohol. It combines with chlorine, bromine, the haloid 
acids, &c., thus : 

C3H4O + Bra = C3H4Br20 ; C3H4O + HCl = C3H5CIO. 

CnH2n_5-COH SERIES OF ALDEHYDES. 

Aldehydes of the CnH2n_3.COH and C„H2n_5.COH series 
have not hitherto been obtained, but two isomeric bodies,////-^ 
furol and fucusol^ are known, whictv ^.^^^'as. \si \i^ \5^ss^^-r^- 
derivatives of an aldehyde ^C^'^vO'^ ^^ ^^NaX\&x ^^^^^^ 
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FuRFUROL, FucusoL, C5H4O2 = C4H2(OH).COH.— The 
former is obtained by carefully distilling wheat bran with 
diluted sulphuric acid ; the latter by similar treatment of 
several varieties of fucus. When freshly prepared both 
are colourless oils, but rapidly become yellow ; furfiirol 
boils at 162°, fucusol at I7i°-i72°j on oxidation by 
argentic oxide they are respectively converted into a- and 
^pyroviucic acid, Furfurol combines with hydric sodic sul- 
phite ; by the action of sulphuretted hydrogen it is con- 
verted into thiofurfuroly C5H4OS ; fucusol similarly treated 
yields thiofucusoL By the action of ammonia furfurol and 
fucusol are converted into isomeric crystalline compounds 
[3C5H3(OH)0 H- 2NH3 = 3OH2 + (C5H3.0H)3N2], 
furfuraniide and fucusamide: these are perfectly neutral 
substances, but on boiling with potassic hydrate solution they 
undergo a remarkable change and are converted into the 
isomeric, powerfully basic compounds furfurine and fu- 
cmincy each of which furnishes well-crystallised salts, such as 

C,5H,2N203.HC1, &c 

CnH2n»7.COH OR BENZOIC SERIES OF ALDEHYDES. 

The series includes two classes of metameric aldehydes, 
corresponding to the two classes of monohydric alcohols 
derived from the aromatic hydrocarbons, and represented 
respectively by the general expressions : 

CH |C^^ • CH |CnH2n(C0H) 

^6"^5-m1/p XT \ ^ ^6"^fi-m /p XT \ • 

The following members of the series are known : — 

B.-P. 

Benzoic aldehyde . CsHg.COH . i8o° 

Paratoluic „ . C6H4(CH3).COH * 204*^ 

Alpha-toluic „ . C6H5.CH2(COH) . — 

Cumic „ . CftH^^C^H^VCOH . 236^' 

57coceiylic „ . C^^H^^O • — 
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Benzoic Aldehyde {Bitter-Almond Oil^ Befizaldehyde\ 
CyHgO = CgHj.COH. — ^This aldehyde may be produced 
by oxidation of benzylic alcohol, C6H5.CH2(OH); by 
distillation of an intimate mixture of calcic benzoate and 
formate ; by passing a mixture of hydrogen gas and benzoic 
chloride vapour oVer heated finely -divided palladium : 
CgHs-COCl + H2 = CeHs.COH + HCl ; and by treating 
benzylene chloride with concentrated sulphuric acid, and 
subsequently distilling the product with water : 

CfiHs-CHCla + 2H2SO4 = C6H5.CH(HS04)2 + 2HCI; 
O6H5.CH(HS04)2 + OH2 = CeHg.COH + 2H2SO4. 

Benzoic aldehyde is usually prepared by digesting bitter 
almond meal with water during five to six hours at 3o°-4o° 
(whereby the amygdalin becomes converted under the influence 
of the synaptase present into benzoic aldehyde, hydrocyanic 
acid, and glucose), and subsequently distilling the liquid. 
Small quantities of benzoic aldehyde are obtained, together 
with numerous other products, by the oxidation of albumin, 
fibrin, casein, and gelatin. 

Benzoic aldehyde is a colourless mobile liquid of high 
refi"active power and agreeable aromatic odour ; sp. gr. i -063 
at o** j it is soluble in about 30 parts of cold water, and 
dissolves in all proportions in alcohol and ether. On ex- 
posure to the air, benzoic aldehyde rapidly absorbs oxygen 
and is converted into crystalline benzoic acid,C6H5.CO(OH); 
by very concentrated nitric acid it is converted into nitro- 
benzoic aldehyde, C6H4(N02).COH ; by a less concentrated 
acid it is oxidised to benzoic acid. It forms crystalline com- 
pounds with the acid sulphites of the alkali metals, such 
as C7H60,NaHS03, &c. By the action of fused potassic 
hydrate, benzoic aldehyde is converted into potassic benzoate, 
and hydrogen is evolved ; with an alcoholic solution of po- 
tassic hydrate it yields benzylic alcohol and potassic benzoate. 
By the action of sodium amalgam on a solution of becLTf^vc 
aldehyde in aqueous aLco\vo\ beacfiLv:. ^«^^ '^iss^^ "^^^ 
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m 

isomeric cry-stalline compounds (a- and ^hydrobenzain)^ aie 
produced, thus : 

CeHvCOH + H, = C6H5.CH3(OH) ; 
2C7H6O + Hj = CuHuO,. 

The action of ammonia on benzoic aldehyde gives rise to 
the formation of hydrobaizamide\ 3C7HeO + 2NH8 = 
3OH2 -f (C7H6)3N2, awhiteciystaUine neutral body, which 
is converted into an isomeric basic compound, amarine^ on 
boiling with potassic hydrate solution. 

By the action of chlorine, benzoic aldehyde is conveited 
into benzoic chloride : 

C6H.vC0H + CI, = HCl + C6H5.COCI. 

Benzoic aldehyde combines with hydrocyanic add form- 
ing hydrocyanbmzaldehyde^ which yields tnandelic acid^ on 
digestion \vith an aqueous solution of hydrochloric acid : 

* 'o-Hydrobcnzoin crystallises in large glistening anhydrous plates and 
melts at 132° '5 ; /3- (iso-) hydrobenzoin crystallises in thin glistening 
four-sided prisms, which contain water of crystallisation — in the anhy- 
drous state it melts at 1 19° '5 ; it is more soluble in alcohol than 
o-hydrobenzoin. A relatively larger quantity of /3-hydrbbenzoin is 
formed by the action of sodium amalgam on a heated mixture of ben- 
zoic aldehyde and water, and a relatively larger quantity of a-hydro- 
benzoin by acting upon an alcoholic solution of the aldehyde at ordinary 
temperatures, the amount obtained increasing with the concentration of 
the alcohol, o- Hydrobenzoin was originally obtained by Zinin by the 
action of zinc and hydrochloric acid on benzoic aldehyde, a- and /3- 
hydrobenzoin yield chlorinated derivatives, Ci^HiaClg, on treatment 
with PCls, which are converted into tolane, C14H101 by the action of 
an alcoholic solution of potassic hydrate. 

2 Mandelic acid is also obtained by boiling amygdalin from bitter 
almonds with an aqueous solution of baric hydrate, until ammonia 
ceases to be evolved. Amygdalin is a glucoside of hydroc3^anbenzal- 
dehyde, which may be represented by the formula 

C6H«.CH(CN)(O.Ci2H2iOio). 

The (/ecomposition which amygdaWu Mivdw^oe,^ \xxv^« iVv^ mfluence of 
synaptase may be explained as foYVo-ws *, \\. \s 'vn. >i5afe fe^X. ^^^aca x^s^^ 



Salicylic Aldehyde. 235 

CfiHs.COH + HCN = CfiHs.CWOHXCN) ; 
C6H5.CH(OH)(CN) + 2OH2 + HCl = 

C6H5.CH(OH)(CO.OH) + NH4CI. . 

CuMic Aldehyde, C6H4(C3H7).C0H, exists together 
with a-cymene in the essential oil of cumin, and in that of 
water-hemlock ( Cicuta virosa). It is separated from cymene 
either by fractional distillation, or by. agitating the oil with 
a moderately concentrated aqueous solution of hydric sodic 
sulphite, which forms a crystalline compound with the alde- 
hyde, which may be separated, and the aldehyde liberated 
by potassic hydrate. Cumic aldehyde closely resembles 
benzoic acid in all its reactions. 

Salicylic Aldehyde; Anisic Aldehyde. — These two 
aldehydes, which are closely related to benzoic aldehyde, 
may be conveniently described here. The relation which they 
bear to benzoic aldehyde will be evident on comparing their 
formulae : 

CfiHs.COH ; C6H4(OH).COH ; C6H4(OCH3).COH. 

Benzoic aldehyde. Salicylic (oxybenzotc) Anisic (methoxybenzoic) 

aldehyde. aldehyde. 

Salicylic Aldehyde {Salicylol) exists ready formed in the 
flowers of meadow-sweet {Spircea ulmarid)^ and may be 
obtained, together with a terpene, by distilling them 
with water. It is produced by oxidising the correspond- 
ing alcohol, saligenin, C6H4(OH).CH2(OH), or saliciny 
C6H4(OH).CH2(O.C6H, 1O5). Salicylol is a mobile, colour- 
less fragrant oil, slightly soluble in water, boiling at i96''.5 ; 

by assumption of the elements of water into hydrocyanbenzaldehyde 
and a sugar (saccharose ?) : 

C6H5.CH(CN)(O.Ci2H2iOio.) + OH2=C6H5.CH(CN)(OH) 

+ C12H5J2O11 ; 

the latter is in turn converted into glucose {(Z^^^S^w + OH2 
= zCgH^gOe)* whilst the hydrocyanbenzaldehyde, which is a highly 
unstable substance, is resolved into KYdxoc^^XiVC -ajix^ -^3^^ \iR:scu^>s:. 
aldehyde. 
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it is converted by oxidation into salicylic acid, by nas- 
cent hydrogen into saligenin, and by ammonia into hydro- 
salicylamide (oxyhydrobenzanide), (C7H5.0H)3N2. Chlo- 
rine, bromine, and concentrated nitric acid act readily 
upon salicylol, forming chlorosalicylol^ C6H3Cl(OH).COH, 
bromosalicylol^ C6H3Br{OH).COH, and nitrosalicyloly 
C6H3(N02)(OH).COH. Salicylol and all its substitution- 
derivatives unite with the acid sulphites of the alkali metals, 
forming crystalline compounds. 

Salicylol dissolves in solutions of caustic alkalies, and even 
decomposes alkaline carbonates, producing crystalline metal- 
lic derivatives, such as sodium-salicylol^ C6H4(ONa).COH, 
&a On treating sodium-salicylol with methylic and ethylic 
iodide, methyl- and ethyl-salicylol, C6H4(OCH3).COH, 
C6H4(OC2H5).COH, are produced. Salicylol unites 
with acetic anhydride, forming a crystalline compound, 
CnHiaOs = C6H4(OH).CH(OC2H30)2. 

Coumarin. — By an interesting series of reactions Perkin has 
recently succeeded in converting salicylol into coumarifiy the 
odoriferous principle of the Tonka bean,* in which it may often 
be seen forming minute colourless crystals under the skin of the 
seed and between the cotyledons. The following is the mode of 
synthesis employed by Perkin : — 

Sodium-salicylol is added to acetic anhydride, in which it 
dissolves with considerable evolution of heat, the mixture is 
boiled for a few minutes and then poured into water, when an 
oily liquid separates while sodic acetate passes into solution; on 
distilling this oil, after small quantities of salicylol and acetic 
anhydride have passed over, the thermometer rises rapidly to 
290°, at which temperature the remaining product, consisting of 
almost pure coumarin, distils and solidifies to a crystalline mass 
on cooling. The first change appears to consist in the forma- 
tion of acetosalicvlol and sodic acetate : 

* Coumarin also exists in other plants : in Melilotus officinalis^ com- 
bined with melilotic acid ; m Asperula odorata \ and in sweet vemal- 
grass {Anthoxanthum odoratum\ 



Cotimarin — A nisic A Idehyde, 237 

CeH4(ONa).COH + (C2HsO)20 =»CeH^(O.C8HsO).COH 

+ CjHjO.ONa ; 

the second in the resolution of acetosalicylol into coumarin 
and water : 

CgHgO, - CgHgOa + OHg. 

Perkin has shown that the final change is dependent on the 
presence of sodic acetate, no trace of coumarin being obtained 
on distilling acetosalicylol, or a mixture of acetosalicylol and 
acetic anhydride, although it is formed on heating a mixture 
of acetosalicylol, acetic anhydride, and sodic acetate to the 
boiling-point ; it is difficult, however, to understand what is the 
nature of the influence exerted by this salt. 

Coumarin crystallises in slender colourless needles, which 
melt at about 67° and boil at 290^-291° ; it has no longer the 
properties of an aldehyde. On boiling with a concentrated 
aqueous solution of potassic hydrate, coumarin is converted into 
potassic coumarate, C^H^KO j ; when fused with potassic hydrate 
it yields potassic salicylate and acetate. 

Anisic Aldehyde, CsHgOa = C6H4(OCH3).COH.— This 
aldehyde is formed, together with anisic acid, on oxidation 
of anisic alcohol, or of anise-oil * j it is an oily liquid of 
fragrant odour, boiling at 247®. Anisic aldehyde is isomeric 
with methyl-salicylol (methyl-orthoxybenzoic aldehyde), being 
the methyl-derivative of paroxybenzoic aldehyde ; it closely 
resembles benzoic and salicylic aldehydes in its behaviour 
with reagents. 

* Anise-oil is a solution of a solid substance — anise-camphor or anetJiol 
— in a fluid oil, which is probably a terpene. Recent experiments of 
Ladenburg show that anethol has the composition expressed by the 
formula C6H4(C3H5).OCH3, and that it may be converted by the 
action of potassic hydrate into the corresponding phenol — anol or 
allylphenol, CeH4(C3H5).0H ; anethol thus bears the same relation to 
anol that anisol, CeHg.OCHg, bears to phenol. The reaction which 
occurs on oxidation of anethol to anisic aldehyde is represented by the 
equation : 

QH^fOCHa). C3H5 + 70 = CeH^VOe^^^.CO^A,7SLQ>^^'L^^^. 
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CnH2_9.COH SERIES OF ALDEHYDES. 

CiNNAMic Aldehyde, CgHgO = CH{C6H5):CH.COH, 
is the essential constituent of oil of cinnamon or oil of 
cassia ; it is a colourless oil, which rapidly absorbs oxygen 
on exposure to moist air, and is converted into cinnamic 
acid, C9H8O2. In contact witli ammonia, cinnamic alde- 
hyde is converted into cinnhydramide — (C9H8)3Na ; it 
forms crystalline compounds with the acid sulphites of the 
alkali metals. 

Aldehydes derived from Dihydric Alcohols. 
Only two such aldehydes are known, namely : 

Oxalic aldehyde or glyoxal, CaHaOj = (COH)^ 
Terephthalic aldehyde, CgHeOa = C6H4(COH)a. 

Glyoxal bears the same relation to glycol and to oxalic 
acid that acetic aldehyde bears to ethylic alcohol, and to 
acetic acid, thus : 

CH3.CH2(OH); CHa.COIT; CH3.C0{0H). 

Ethylic alcohol Acetic aldehyde. Acetic iacid. 

CH,(OH).CH,(OH) ; COH.COH ; CO(OH).CO(OH). 

.Glycol GlyoxaL Okalicacid. 

Glyoxal was first obtained by Debus by oxidising alcohol 
with nitric acid ; oxalic acid and various other products are 
formed simultaneously.* It is a transparent amorphous 
deliquescent substance, very soluble in water, alcohol and 
ether; it immediately reduces an ammoniacal solution of 
argentic nitrate, and is readily oxidised even by very 
dilute nitric acid to glyoxalic acid, COH.CO(OH), and 
oxalic acid. Glyoxal combines with gaseous ammonia, and 

* The formation of glyoxal is doubtless the result of a series of 
changes, which perhaps occur as traced by the following equations : 

CHs. CH^iOK) + NOalOH) « CHa(OH).CHa(OH) + HNO2 ; 
CHs(OH). CH2 (OH) + 2N02iOH^ =atVVOWVi•^'^VSm^^^ Ift^O^ ; 
CH(OH)^. CH(OH) 2 = COH.COH -v 20U^. 
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with the acid sulphites of the alkali metals ; thus it unites 
with hydric sodic sulphite to form a crystalline compound — 
C2H202(HNaS03)2 + OH2 ; it also combines with hydro- 
cyanic acid (see racemic add). On digesting glyoxal with 
strong aqueous ammonia, two crystalline bases, glyoxcUine 
and giycosine, are produced, thus : 

2C2H2O2 + 2NH3 = C3H4N3 + CH2O2 + 2OH2. 

Glyoxal Glyoxaline. Formic acid. 

3C2H2O2 + 4NH3 = C6H6N4 + 6OH2. 

The supposed /^/^a/zV aldehyde, obtained by the action of 
nascent hydrogen on phthalic chloride, C6H4(C0C1)2 (the 
product of the action of PCI5 on phthalic acid), has recently 

been discovered to have the formula C6H4 1 pQ * [ O. 



CHAPTER IX. 

ACIDS. 

The simplest and most probable interpretation of the re- 
actions which occur on conversion of the primary alcohols 
into the corresponding acids by oxidation is, as already 
stated, afforded by the assumption that the CH2.OH 
group has undergone conversion into the CO. OH or carb- 
oxyl group ; and a consideration of the other methods 
employed in the formation of acids, and of their behaviour 
with various reagents, has also led to the representation of 
these compounds, with few exceptions, by rational formulae 
containing the expression CO.OH. 

One of the most characteristic properties of the acids is 
that of forming metallic derivatives (metallic scdts) when 
acted upon by metallic carbonates, the change consisting in 
all cases in the removal of hydrogen, and its te7;^Wj$:xs^.^^^>s^ 
the equivalent amount of l\ve meX-aN.. \\.\'5. 1csvm\$s. ^-^ ^-xjl^^^ 
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study of the behaviour of the acids under various circum- 
stances that the number of units of hydrogen thus replace- 
able, in other words tfu basicity of an acid^ is in direct 
relation to the number of times the expression CO. OH is 
contained in its rational formula : an acid containing n card- 
oxy I groups being n-basic, 

A large number of series oi acids are known, which may 
be regarded as derived from the various series of isologous 
hydrocarbons by the replacement of one or more units of 
hydrogen by the carboxyl group a corresponding number of 
times. The following are the most important series of acids 
hitherto examined : — 

Monobasic Acids. 
Acetic or CnH2n+i.CO(OH) series, derived from the CnHjjn+^ 

hydrocarbons 
Acrylic or CnH3n_i.C0(0H) series, derived from the CnHgn 

hydrocarbons 
Sorbic or CnH3n_yC0(0H) series, derived from the CnHgn.^ 

hydrocarbons 
Benzoic or CnH2n_7.CO(OH) series, derived from the CnHj^n.^ 

hydrocarbons 
Cinnamic or CnH2n_9.CO(OH) series, derived from the CnH3n_g 

hydrocarbons 
Naphtoic or CnH2„_js.C0(0H) series, derived from the Qjfl^ga^^^ 

hydrocarbons 

Dibasic Acids.i 
Succinic or CnH2n(CO.OH)2 series, derived from the CnHgn+jj 

hydrocarbons 
Fumaric or CnH3n_3(CO.OH)3 series, derived from the C H^^ 

hydrocarbons 
Phthalic or CnH2n_8(CO'OH)2 series, derived from the CnHjjn^^ 

hydrocarbons 

Tribasic Acids. 
Tricarballylic or CnH2n_;(CO.OH)j series, derived from the 

CnHgn+a hydrocarbons 
Mesitic or CnH^n-sCCO.OH)^ seiks, detwed from the CnU^^ 

\\"Ydxoc."ac!^Qrns 
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Closely related to one or other of these series are a variety 
of s^econdary series derived from them, such as the 

Lactic or CnH2n (OH).CO(OH) series, derived from the acetic series 
Malic or CnH'2n_i(OH)(CO.OH)2 „ „ „ succinic „ 
Tartaric or CnH2n_2(OH)2(CO.OH)2 „ „ succinic „ 
Salicylic or QH2u_8(OH).CO(OH)„ „ '„ benzoic „ 

Acids of higher basicity, single terms of other series, and a 
large number of acids, mostly derived from plants, of which 
the genetic relations to the hydrocarbons have not yet been 
established, are also known. 

Preparation, — Acids of the primary series above men- 
tioned are produced by the following general methods : — 

1. By oxidation of die corresponding primary alcohols : 

R'CH2(0H) + 02 = R'CO(OH) + OH2. 
Ricg::§g+^0, = R"(CO.OH^,OH, 

2. By oxidation of the corresponding aldehydes : 

2R'C0H + 02 = 2R'C0(0H).> 

3. From the hydrocarbons, which are first converted into 
haloid derivatives, these into the corresponding cyanides, and 
the cyanides decomposed by heating with water and a 
mineral acid or an alkali, thus : 

CnH2n + 2 + ^1 = C„H2n+lCl + HCl ; 

C,H2,+ ,C1 + KCN ^ C,H2n+iCN + KCl ; 
CnH2,+ iCN + 2OH2 + HCl = 

CnH2n+iC0(0H) + NH4CI. 

The haloid substitution-derivatives obtained from the hydro- 
carbons of the aromatic series and isologous series contain- 
ing proportionately less hydrogen, by the action of chlorine 

• Perhaps : RCOH + O + OHg = R'.CO(OH) + OH.^ ; i.e. the 
reaction is one of double decompositiotv. It Vitm^^^:^^^';:.^^^"^ <^S^^. 
and does not consist in the mere addVxioiv ol oyw^^^x^. 
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in the cold, are not convertible into cyanides by double 
decomposition with potassic cyanide. The corresponding 
cyanides may be obtained, however, by distilling the potassic 
salts of the sulphonic acids, obtained by the action of sul- 
phuric acid on the hydrocarbons, with potassic cyanide : 

C„H2„_7(KS03) + KCN = QHa^.yCN + K2SO3 ; 
CnHa^.yCN + OH2 + KHO = C„Hjta_7C0(0K) + NH3. 

The hydrocarbons of these series may also in many cases be 
directly converted into the corresponding acids by fusing the 
potassic salts of the sulphonic acids derived from them with 
sodic formate : 

C„H2^_7(KS03) + HCO(ONa) = 

CnH2„_7CO(ONa) + KHSO3. 

4. From the alcohols. The alcohol is submitted to the 
action of hydrobromic or hydriodic acid, the resulting bro- 
mide or iodide is converted into a cyanide by digestion with 
potassic cyanide, and the latter decomposed by heating with 
water and a mineral acid or an alkali : 

R'(OH) + HI = R'l + OH2 ; RT + KCN = R'CNH- KI ; 
R'CN + 2OH2 = R'CO(OH) + NH3. 

Obviously the acid obtained by the application of methods 
3 and 4 always contains one unit of carbon more than the 
hydrocarbon or alcohol employed. 

General Properties, — ^The acids of th e various primary series 
exhibit an analogous behaviour under the influence of a 
large number of reagents. 

Metallic Salts, — All the acids furnish metallic derivatives 
or salts when acted upon by the metallic carbonates, hydrates, 
or oxides. The composition of the normal salts containing 
monad metals derived from the monobasic acids is indicated 
by the general expression, R'CO(OM'), but, in addition to 
these, certain of the acids, notably those of the acetic series, 
furnish so-called add salts oi the eom^o^Vcvoxi \si^Y:a.\ftji by 
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the formula R'CO(OM'),R'CO(OH) ; the composition of 
their normal salts containing polyad metals is indicated by the 
formulae (R'C02)2M^(R'C02)3M'^&c.; the monobasic acids 
also furnish a number of basic salts with polyad metals (see 
acetic cuid\ 

Two series of salts, acid and normal, are obtained from 
the dibasic acids, according as one half or the whole of the 
replaceable hydrogen is replaced ; the nature of the salts 
will be evident on inspection of the following formulae ! 

T.„jCO.OH . ^„(CO.OM' . ^„(CO.O.M".O.OC)p„ . 
^ ICO.OM'^^ ICO.OM'^^ ICO.OHHO.OCj^ ' 

In short, in every polybasic acid the // units of replaceable 
hydrogen may be replaced unit by unit. The metallic salts 
of the organic acids are at once decomposed by most mineral 
acids and the organic acid set free. 

Etha-eal Salts. — The ethereal salts, or compound ethers, 
as they are commonly termed, are the products of the action 
of the alcohols upon the acids ; they bear precisely the same 
relation to the metallic salts that the alcohols bear to the 
metallic hydrates, thus : 

C2H5.OH; Na.OH. CH3C0(0Na); CH3CO(OC2H5). 

Ethylic hydrate. Sodic hydrate. Sodic acetate. Ethylic acetate, 

A great variety of these compounds may be produced, inas- 
much as the acids, both mineral and organic, of all degrees 
of basicity may be converted into ethereal salts derived not 
only from monohydric, but also from polyhydric alcohols, 
just as metallic salts may be obtained containing metals of 
varying degrees of equivalency. 

Incidentally frequent mention has been made of various 
ethereal salts in the foregoing pages : for example, of the 
acid ethereal salts formed by the action of sulphuric acid on 
the alcohols ; of the nitrins formed b^ \}5Nfc -aj^^sss^ <5Sv ^m&css:* 
acid on glycerin, mannite, ceVVvAo^e^ ^c^ ^-^^^dx^^^ssssL^ -Sixs:- 
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often applied to various sets of ethereal salts : thus the gly- 
c:cric salts formed from glycerin and acetic, oleic, palmitic, 
and stearic acid, are termed respectively acetins, oleins, 
«{>almitins, and stearins. 

Acid and normal ethereal salts of mineral and organic 
acids, corresponding to the acid and normal metallic salts,, 
may be produced by the following general methods : — 

1. By the action of the alcohols on the acids : this method is 
more especially available for the preparaticm of ethereal salts of 
sulphuric and nitric acid. 

2. By the action of the acid chlorides or anhydrides on the 
alcohols; thus acetic chloride and ethylic alcohol yield ethyhc 
acetate »: CHjCOCl + C2H5.0H«CHsCO(OC,H5) + HCl ; and 
similarly, phosphoric chloride and ethylic alcohol yield ethylic 
phosphate : POCl, + 3C3H5.OH = PO(OC3H5)3 + 3HCL 

3. By the action of mono-haloid hydrocarbon derivatives on 
the argentic, potassic, or sodic salts of the acids : for example, 
methylic arsenate is obtained by the action of methylic iodide 
on argentic arsenate: 

AsO(OAg)3 + 3CH3I = AsO(OCH3)3 + 3AgI. 

4. By the action of the acid ethereal salts of sulphuric acid on 
the potassic or sodic salts of the acids ; thus, hydric amylic sul- 
phate and sodic acetate yield amylic acetate on distillation : 

CHsCO(ONa) + C5H„.HS04=:CH3CO(OC5Hn) + HNaSO^. 

The majority of the ethereal salts are stable compounds and 
can be distilled unchanged; on heating with water, or a solution 
of potassic hydrate, they are more or less readily resolved into 

> The method usually adopted in the preparation of the ethereal salts 
of organic acids is a modification of this method, and consists in satu- 
rating a solution of the acid in the alcohol with gaseous hydrochloric 
acid ; apparently the acid is converted into water and the acid chloride, 
which at the moment of formation reacts upon the alcohol. It is impos- 
sible, however, in this way to convert the whole of the acid taken into the 
ethereal salt, since after a time the water produced is in such proportion 
that the acid chloride is convexled sts 1205^^^ ^?. \1 v^ formed into the 
acid and hydrochloric acid, and ceases Vo ^e\. w.^qxv >eafc ^cOcv^, 
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the acid, or potassic salt of the acid, and the alcohol from which 
they are derived ; the ethereal salts derived from the acids of the 
acetic series and the alcohols of the ethylic series, for example, 
are acted, upon in the manner represented by the equation : 

C„H2n+iCO(OCnH2„^.,) + OH3 = CnH^n+xCOCOH) 

Haloid Salts, — These are formed from the metallic salts 
by the replacement of the metal by chlorine, bromine, or 
iodine. The haloid salts of acetic acid have chiefly been 
studied, but the homologous acids, and acids of other series, 
appear to be capable of furnishing similar derivatives. 

Chlorine acetate* is produced by the action of acetic anhydride 
on hypochjorous anhydride : 

(CHsCO)^© + CI3O = 2CH3CO(OCl). 

It is converted into the bromine salt by the action of bromine, 
and into the iodine salt by the action of iodine ; thus : 

2CH3CO(OCl) + Br^ = 2CH8CO(OBr) + CI2. 
6CHsC0(0Cl) + 13 = 2(CHsC02)3l + 3CI3. 

The iodine salt is obviously comparable with the metallic salts 
containing triad metals, iodine acetate being the analogue of 
bismuthic acetate, (CHsCOjjgBi, for example. These haloid 
salts are eminently unstable compounds ; thus chlorine acetate 
is at once decomposed in the cold by metals such as zinc, mer- 
cury, copper, or sodium, with evolution of chlorine and formation 
of the corresponding metallic salt, e.g. : 

2CH3CO(OCl) + Na^ = CH3C0(0Na) + Clj ; 

it is converted by water into acetic and hypochlorous acids : 

CH3C0(0C1) + OH2 = CHsCO(OH) + HOCl ; 

on heating it is decomposed at a temperature below 100° with 
explosion : 

CH3C0(0C1) = CH3CI + CO2. 

^ Chlorine acetate is a yellow liquid *, iodSxifc ^'c^x.-aXs. "a. ^x^'^'^i&sNs 
soYid. 
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Haloid Substitutiart'do-ivativcs, — By the action of chlorine 
or bromine on the acids of the acetic, benzoic, naphtoic, 
succinic, and phthalic series, one or more imits of hydrogen 
are removed and replaced by the equivalent amount of 
chlorine or bromine : acetic acid, CH3CO(OH), for exam- 
ple, yields monochloracetic, CH2C1C0(0H), dichloracetic, 
CHCl2C0{0H), and trichloracetic, CCl3CO(OH) acid. 
These haloid derivatives yield metallic and ethereal salts, 
acid chlorides, acid amides, &c. The acids of the acrylic, 
sorbic, cinnamic, and fumaric series combine directly with 
chlorine and bromine. 

Acid CfUorides^ Bromides^ and Iodides are the products of 
the action of the haloid phosphorus compounds on the acids 
or their metallic salts, and are formed by the replacement of 
(OH) in the CO(OH) group by chlorine, bromine, or iodine : 

3R'C0{0H) + PCI3 = 3R'C0C1 + PO3H3. 
R"{8o:OH + ^PC^^ ^ ^icScl + ^^^^^3 + 2HCI. 

The first action of the haloid phosphorus compound on the 
dibasic acids doubtless consists in the production of an 
unstable compound intermediate between the acid and the 
acid chloride above formulated, but which cannot be isolated, 
since on heating it is resolved into the acid anhydride and 
haloid acid, thus k 

^fc6c^ = R"lc8lo + HCl. 

The ethereal salts of these intermediate compounds are 
readily obtained, however, by the action of the haloid phos- 
phorus compounds on the acid ethereal salts of the poly basic 
acids ; for example : 



„fCO.OH 



fCOCl 
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The acid chlorides, &c. are readily decomposed by water, 
with formation of the acid employed in their preparation and 
haloid acid : 

R'COCl + OH2 = R'CO(OH) + HCl. 

Acid Amides, — These compounds may be regarded as 
formed from the acids by the replacement of (OH) in the 
carboxyl group by the monad residue (NHg), derived from 
ammonia by the withdiawal of one unit of hydrogen. Nor- 
mal amides^ and acid amides or amic acids are to be distin- 
guished. The monobasic acids yield only compounds of the 
former class, represented by the general expression 

R'C0(NH2); 
the dibasic acids yield acid and normal amides of the form 

^ ICO.OH > ^ tcO.NHa* 
Similarly, the tribasic acids yield normal amides of the form 



CO.NH 
CO.OH 
CO.OH 



2 



(CO.NH2 
R"M CO.NH2, and two sets of acid amides, R'" 
1 CO.NH2 

fCO.NHa 
and R'"- CO.NH2. 
I CO.OH 

Preparation,^!, By distillation of the ammonic salts of the 
acids : 

R'CO(ONH J = R^C0(NH2) + OH2. 

J.,, (CO(ONH,) _ ^„, CO.NH, ^ ^„ 
^ tcOCONH^) - ^ 1C0(0NH4) + ^" 

J,,, fCO.NH, ^ ^„ jCO.NHg ^ ^„ 
^ tcO(ONHJ " ^ icO.NH, •*" ^^2- 

2. By the action of the acid chlorides on ammonia ; 
R'COCl + 2NH3 = R'C0(NH2) + NH^Cl. 
R'McSci ^ 4NH, = R'' \^^^^-^. '.^■^^P- 



2 » 



I 
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3. By the action of ammonia on the ethereal salts of the acids : 
R'CO(0C.H„+,) + NH,=.R'CO(NH,) + C„H„+,.OH. 

^ 1C0(0C„H„„) + ""» - ^ |C0(0C.H»^,) 

+ CjH^+i.OH. 

+ CniH2m.j.0H. 

The acid amides are converted more or less readily on heating 
with water into the ammonia salt of the parent acid : 

R'COCNHj) + OH3 = R'CO(ONHJ. 

P„(CO.NHj ^ OH = R/, iCO.NHj . 
^ icO.NH^ + ^^^2 = ^ tC0(0NHj' 

^ iC0(0NHJ ■*■ ^"2 " ^ tcO(ONHJ- 

On distillation with phosphoric anhydride they are converted 
into cyano-derivatives of hydrocarbons (so-called nitriles) : 

R'COCNHg) + P2O5 = R'CN + 2HP0s. 
^'MCO.NH,' + ^^2^5 = R"(CN), + 4HPO3. 

Acid Anhydrides, — These compounds bear the same relation 
to the acids that the ethers bear to the alcohols : 

R'CO(OH); R:Cg}0. R'McaoS' ^'McO^O- 

Monobasic acid. Anhydride. Dibasic acid. Anhydride. 

Preparation, — i. The anhydrides of monobasic acids are 
produced by the action of the acid chlorides on the acids or their 
metallic salts : 

R^CO(ONa) + R'COCl = (R'CO)^© + NaCl. 

By acting upon the metallic salt of an acid by an acid chlo- 
ride derived from a different acid, various so-called mixed 
anhydrides are formed ; and similarly, by the action of the acid 
chlorides derived from the monobasic acids on the metallic salts 

* Ethereal sa\t oi anvwi aG\^ 
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of polybasic acids, mixed anhydrides derived from a monobasic 
and a polybasic acid are obtained ; for example : 

2RCOCI 4- R/MCO.ONa ^ J.,, (CO.O(R'CO) ^^ ^j 

2KLUL1 + K IcO.ONa ^ tcO.O(R'CO) ^ ^JNaci. 

The anhydrides of polybasic acids are produced by the action 
of phosphorus pentachloride on the acids ; thus : 

^'McaoS + PCI, = R'McO.OH + HCl + POCl,; 

R'McoSh -R"Ic8}0 + HCl. 

2. Anhydrides are also obtained by the action of acid 
chlorides on metallic oxides : 

2R'C0C1 + BaO = (R'CO)^© + BaCla- 

Properties, — In contact with water the anhydrides are con- 
verted into the corresponding acids. By the action of phos- 
phorus pentachloride they are converted into acid chlorides : 

(R'CO)^© + PCI5 = 2R'C0C1 + POCI3. 

By their action on the alcohols ethereal salts are produced. 

(R^CO)^© + CnHjn+i.OH = R^C0(0CnH2n+,) + R^CO(OH). 

Similarly, the action of ammonia gives rise to the formation of 
acid amides. 

Acid Peroxides, — These compounds bear the same rela- 
tion to the acid anhydrides that the metallic oxides bear to 
the metallic peroxides, thus : 

CH3CO.O 



,0] 



PbO; PbOj. (CH3CO)20; CH3CO 

Plumbic oxide. Plumbic peroxide. Acetic oxide. Acetic peroxide. 

They are formed by the action of the acid chlorides or anhy* 
drides on the metallic peroxides (preferably baric peroxide) : 

2R'C0C1 + BaOg = (R'C02)2 + BaClj. 
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R"(ggCl + BaO, = R"j^g-gl+Baa,. 

The acid peroxides are exceedingly unstable bodies, and^ 
like the metallic peroxides, are powerful oxidising agents. 

CnH2n+iC0(0H)0R ACETIC SERIES OF MONOBASIC ACIDS. 

The following terms of the series are known : — 



Methylic or Formic acid . 
Ethylic or Acetic acid 
Propylic or Propionic acid 
Tetrylic or Butyric acid 
Pentylic or Valeric acid 
Hexylic or Caproic acid . 
Heptylic or CEnanthylic acid 
Octylic or Caprylic acid . 
Nonylic or Pelargonic acid 
Capric acid 
Laurie acid 
Myristic acid 
Palmitic acid 
Stearic acid 
Arachidic acid 
Behenic acid 
Cerotic acid 
Melissic acid 



HCO(OH) 

CH3C0(0H) 

CjH5CO(OH> 

C3H7CO(OH> 

C4H9CO(OH) 

C5H„CO(OH> 

C6Hi3CO(OH) 

C7Hi5CO(OH) 

C8Hi7CO(OH) 

C9Hi9CO(OH) 

C,|H23CO(OH) 

Ci3H27CO(OH) 

Ci5H3iCO(OH) 

Ci7H35CO(OH) 

Ci9H39CO(OH) 

C2iH43CO(OH) 

C26H55CO(OH) 
C29H59CO(OH) 



Occurrence, — Many of these acids are met with in nature : 
some in the free state, as, for example, formic acid in ants 
{formica) and the nettle, valeric acid in the valerian root, 
pelargonic acid in Pelargonium roseum^ and cerotic acid in 
bees-wax. Others are present in the form of ethereal 
salts : thus, the essential oils obtained from the seeds of 
various species of Umbelliferse^ contain octylic acetate and 
hexylic butyrate ; spermaceti, which is a crystalline substance 

' From Heracleum spondylwm^ l\ie coicvicvoiv ccs^-^^x^sfts^ •, Pastinaca 
fa^iva, the edible parsnep ; and Heracimm giganteum. 
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found in cavities in the head of the sperm whale, is a cetylic 
palmitate. The natural fats are mainly composed of glyceric 
ethereal salts of the acids of the acetic series : thus mutton 
and beef fat contain glyceric stearate, and palm oil is in the 
main a glyceric palmitate. The first nine terms of the series 
have also been prepared by various synthetic processes, and 
of most of these several isomeric modifications are known. 
Our knowledge of the remaining terms, of which isomerides 
are not known to exist, is derived from the study of sub- 
stances isolated from natural products. On account of the 
oily or fatty character of the higher terms of the series, these 
acids are commonly designated the fatty series of acids. 

Preparation, — ^The four general methods already noticed 
(p. 241) are all available. A fifth method, to which great 
interest attaches, consists in acting upon the sodium organo- 
metallic compounds of the form CnH2n+iNa with carbonic 
anhydride, when a sodium salt of an acid of the series is 
produced : 

CnHgn+iNa + CO2 = CnH2n+iC0(0Na). 

Various special methods are also employed in the prepara- 
tion of individual members of the series. 

Classification of Isomeric Acids, — ^The same system may 
be adopted as in the case of the aldehydes and alcohols, and 
the various isomeric acids classed as normal or iso-primary, 
normal or iso-secondary or tertiary, according as they are 
obtained by the fourth general method from normal or iso- 
primary, normal or iso-secondary or tertiary alcohols, or by 
the third general method from haloid derivatives of paraffins 
which, if converted into alcohols, would yield normal or iso- 
primary, normal or iso-secondary or tertiary alcohols ; thus : 

C(CnH2n+i)H2.0H;C(CnH2n+i)2H.OH;C(CnH2n+i)30H. 

Primary alcohol. Secondary alcohol. Tertiary alcohol. 

C(CnH2n+i)H2 . f C(CnH2n+ i)2H . f C(CnH2n+i)3 

lCO(OH); ' lCO(OH) ' VCQ^V^"^. ^ 

WimsiYy VLCid. Secondary 3ic\d. 'X.«x>3x^ -asx^ 
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Properties, — As in all other homologous series the boiling- 
point, specific gravity, and solubility in water vary as the 
series is ascended. The lowest terms are mobile, colourless 
liquids, which readily dissolve in water, but as the complexity 
increases the successive terms become gradually less mobile 
and less soluble in water ; and the highest terms are fatty, 
solid substances, almost insoluble in water. The specific 
gravity decreases fi'om term to term. Each addition of CHg 
corresponds in the case of the first few terms of the normal 
primary series to a rise of about 22° in boiling-point; this 
difference diminishes gradually as the series is ascended, as 
will be evident on inspection of the accompanying table, but 
as at present determined the boiling points of the higher 
terms are somewhat irregular. The highest terms cannot be 
distilled unchanged under the ordinary atmospheric pres- 
sure, but may be under reduced pressure. 

Formic or Methylic Acid (Hydric Formate\ CH2O2 = 
HCO(OH). — Formic acid is formed in small quantity on 
passing the silent electric discharge through a mixture of 
carbonic anhydride and hydrogen (Brodie) : CO2 + H2 = 
CH2O2 ; it is produced by oxidation of methylic alcohol, 
and also by oxidation of various organic substances, such as 
starch, sugar, gum, &c. Potassic formate is produced by 
digesting together at 100** for some hours, moist potassic 
hydrate and carbonic oxide : CO + KHO = HCO(OK) ; 
by exposing potassium in an atmosphere of moist carbonic 
anhydride; by digesting hydrocyanic acid with potassic 
hydrate solution, and by the action of potassic hydrate on 
trichloromethane, CHCI3 + 4KHO = HCO(OK) -f- 
3KCI + 2OH2. It is usually prepared by heating a mixture 
of about equal weights of oxalic acid and glycerin with a 
little water to a temperature not exceeding about 110°; so 
soon as effervescence ceases, water is added, and the 
mixture distilled until the temperature rises to about 110°, 
when more water is added, and the distillation continued. 
The^e operations are repealed ^o \oxv^ ^"s* Iotckv^ ^0.^^-2^^^^^ 



SECONDARY ACIDS. 






NORMAL TERTIARY ACIDS. 





B..P. 




I54« 


bacetic) 




H.) 


173^ 


Taleric 




cid 


196° 



Sp. Gr. 



•9S9 at o« 



J C(CH3)3 

t CO(OH) 

Trimethacetic 
acid 



|C(CH,)AH, 
ICO(OH) 

Dimetheth- 
acetic acid 



B.-P. 



163^ 



187^ 



Sp. Gr. 



are derived from the following, amongst other sources : — 

hexylic alcohol from heracleutn oil (p. 250), &c. ; 2. by me- 

|th acetic and butyric acids, by fermentation of lactic acid 

)m normal primary hexylic alcohol ; and, 2. by oxidation of 

oxidation-product of notinal primary octylic alcohol from 

prepared from normal primary octyhc alcohol by method 4. 

oil. It is not yet placedbeyond doubt that the two latter 

[repared by method 4 from isoprimary (fermentation) amylic 

\ by the action of iso(primary)amylic iodide, and dUtkacetic 

iium on ethylic acetate (p. 256). A fourth hexylic acid — 

idaiy acid — has been prepated. \ys tM;^cA \ ix^\a. \Ma5Nfw- 



f 



\ 



\ 
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over with the water, when a fresh quantity of oxalic acid may- 
be similarly decomposed. Oxalic acid when heated alone is 
resolved into carbonic anhydride and formic acid, although 
at a comparatively high temperature, and much of the 
formic acid is broken up into water and carbonic oxide ; in 
presence of glycerin, however, the decomposition commences 
below 50°, and is perfect below 110°, little or no carbonic 
oxide being formed. The glycerin appears to promote the 
decomposition of the oxalic acid, in virtue of the tendency 
which it has to react with the formic acid, the product of 
this reaction (monoformin) being subsequently decomposed 
on distillation with water ; thus : 

C2H2O4 = CH2O2 + CO2 ; 
C3H5(OH)3+ HCO(OH) = C3H5(OH)2(O.HCO) + OH2 ; 
C3H5(OH)2(O.HCO) + OH2 = C3H5(OH)3 + HCO(OH). 

A relatively small amount of glycerin is thus able to effect 
the conversion of a large quantity of oxalic acid into formic 
acid. To prepare anhydrous formic acid from the product, 
it is neutralised with plumbic carbonate, evaporated to dry- 
ness, and the dry plumbic formate heated gently in a current 
of hydric sulphide gas : 

(HC02)2Pb + SH2 = 2HC0(0H) + PbS. 

Formic acid is a colourless, inflammable, highly corrosive 
liquid, of sp. gr. 1.235, possessing an extremely penetrating 
odour, soluble in water in all proportions ; it boils at about 
100°. Cooled to a temperature below 0°, it crystallises in 
large brilliant plates. It is a powerful reducing agent, being 
most readily oxidised to carbonic anhydride and water ; thus 
it precipitates metallic silver from a solution of argentic 
nitrate ; it reduces mercuric to mercurous chloride, and 
mercuric oxide to metallic mercury : CH2O2 + HgO = 
CO2 + OH2 + Hg. This behaviour serves to distinguish 
formic acid from the remaining terms of the series, which 
^re only oxidised with difficulty. 
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The metallic salts of formic acid (formates) are all solu- 
ble in water. 

Acetic or Ethylic Acid (Hydric Acetate)^ C2H4O2 = 
CH3C0(0H). — This acid is present in small quantity in the 
juices of many plants, and in various animal fluids. It is 
produced by the general methods previously described from 
ethylic alcohol, ethylic aldehyde, ethane, methylic alcohol, 
and sodic methide, CHsNa. A mixture of equal volumes 
of acetylene and oxygen in contact with a potassic hydrate 
solution is gradually absorbed, potassic acetate being formed : 
C2H2 + O + KHO = C2H3KO2. On the large scale 
acetic acid is prepared by the destnictive distillation of 
wood : — 

Dry hard wood, usually beech or oak, is strongly heated in 
large iron retorts. Much inflammable gas is given off, an acid 
liquid and tar distil over, and charcoal remains in the retort. The 
acid liquid is distilled and the portion which first passes over, 
consisting chiefly of methylic alcohol, is collected apart ; tKe 
crude acid which afterwards distils is saturated with slaked lime, 
and the solution of calcic acetate thus formed is mixed with a 
solution of sodic sulphate, whereby sodic acetate and insoluble 
calcic sulphate are produced. The solution of sodic acetate is 
evaporated to crystallisation, the crystals of the crude salt are 
dried and carefully fused in order to expel and decompose a 
quantity of adherent tarry matter, redissolved in water, and re- 
crystallised. Finally, acetic acid is obtained by distilling the 
salt thus purified with sulphuric acid. 

Acetic acid is a colourless, mobile, highly corrosive, pun- 
gent-smelling liquid, of sp. gr. 1.063 ^-t 15** ; it solidifies at 
1 6°. 5 to a white crystalline mass. Acetic acid boils at 119°. 
It is soluble in water in all proportions. 

The density of the mixture increases until it becomes 1.073, 

which is the density of a mixture of 79 parts of the acid with 21 

parts of water; all further additions of water diminish the 

<iensity. This mixture boWs viYvdet V\i^ oxdmary atmospheric 

pressure constantly at 104?, Mivdei%Qm?» ?.c»xc^-j ^\!>53 Okm\?^^\sl 
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composition^ ; it about corresponds in composition to a hydrate 
of the formula CgH^O^HjO. All the lower terms of the acetic 
series appear to behave similarly, and to furnish corresponding 
hydrates having fixed and constant boiling-points, which may 
be distilled almost unchanged in composition. These hydrates 
are apparently members of a well-defined though unstable class 
of compounds, which may be termed ortho-acids^ represented by 

((OH) 
the general formula CnHgn+iC- (OH) ; they bear the same rela- 

l(OH) 

tion to the acids of the form CnH2n+iC0(0H) that the 
hydrates of the aldehydes of the acetic series of the form 

f ^ 
CnHon+iC • (OH) bear to thealdehydes of the formCnHjn+jCOH. 

I (OH) 
This view is confirmed by the fact that ethereal salts derived 
from these ortho-acids are known which are relatively very 
stable substances, not undergoing the slightest decomposition 
when distilled, such as ethylic ortkoformate, obtained by the 
action of sodic ethylate on trichloromethane : 

CHCI3 = aNaOCjjHg = CH(OC2H5)3 + sNaCl,^ 
and ethylic orthacetate similarly prepared from trichlorethane : 
CH3CCI3 + sNaOCgHg = CH3C(OC3H5)3 + sNaCl. 

Metallic Acetates. — The normal acetates are readily ob- 
tained by dissolving the metallic carbonates in acetic acid ; 

^ If a mixture containing more or less than about 20 per cent, of 
water be distilled, water, or acetic acid, passes over until a mixture of 
the composition indicated is formed, which then distils unchanged. The 
relative proportions in which the acid and water are contained in a 
mixture having a constant boiling-point and passing over unchanged on 
distillation varies with the pressure, however, owing to the more or less 
complete dissociation of the hydrate, C2H402,OH2 ; under the higher 
pressure the mixture has a higher boiling-point and contains relatively 
more acid than under the lower pressure. 

2 Hydric orthoformate is doubtless an intermediate product in the 
formation of potassic formate from potassic hydrate and trichloromethane 
<p. 252); thus : 

CHCla + 3KHO = CH(0H)3+ 3Ka •, e^VV^OW^^- ViSlOVS^'^^^^^.^r 
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the acid salts (page 243) or so-called diacetates are prepared 
by evaporating the acetates of the alkali metals with an 
excess of acetic acid ; these diacetates are resolved on 
heating strongly into an acetate and acetic acid, and may, 
in fact, conveniently be employed in the preparation of an- 
hydrous acetic acid. Basic acetates are produced by digest- 
ing metallic acetates with excess of metallic oxide ; for 
example, by digesting a solution of plumbic acetate with 
plumbic oxide, the two basic salts (C2H302)2Pb.PbO and 
(C2H302)2Pb.2PbO are formed. 

Ethereal Acetates, — These derivatives are produced by the 
general methods already described. The following have 
been obtained from acetic acid and monohydric alcohols of 
the ethylic series : — 

B.-P. 



Methylic acetate . 


CH3CO(OCH3) . 


• 55°-5 


Ethylic acetate . . 


CHjCOCOCjHj) . , 


. 77° 


Propylic acetate . 


CHjCOCOCsHt-) . 


102° 


Isopropylic acetate 


CHaCOpCjH,?) 


• 90°-93° 


Butylic acetate 


CH3CO(OC4H9") 


. 125° 


Isobutylic acetate . 


CH3CO(OC4H/) 


• "7°-5 


Amylic acetate 


CH3CO(OC5Hn" ) 


• 149° 


Isoamylic acetate . 


CH3CO(OC5Hn'') 


. i38°-i4o 



They are colourless, mobile, fragrant liquids ; isoamylic 
acetate possesses in a remarkable degree the odour of the 
Jargonelle pear, and on that account is largely used for fla- 
vouring confectionery. 

Action of Sodium on Ethylic Acetate {Acetic Ether), — This 
reaction has received investigation at the hands of various che- 
mists, and has given rise to considerable discussion. Frank- 
' land and Duppa and Geuther, to whom we are indebted for our 
knowledge of the subject, have always observed the evolution of 
hydrogen, which they regard as an essential product of the re- 
action ; whereas, according to Wanklyn, no hydrogen is evolved 
by the action of sodium on pure ethylic acetate, and this state- 
ment Aas been confirmed by L-adeiOoux^. ^^s^>fc^xs^a:\\^^.1Mcs^a 
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that the production of hydrogen is the result of a secondary 
action ; that it is, in fact, a product of the action of the sodium 
on the alcohol which is always contained to a greater or less 
extent in ethylic acetate prepared by the ordinary methods. 

The action of sodium on ordinary ethylic acetate takes place 
readily, commencing at a temperature considerably below its 
boiling-point ; but ethylic acetate free from alcohol, according 
to Ladenburg, is only acted upon with difficulty and on pro- 
longed heating at 100®. These observations suggest the query> 
whether the presence of alcohol is not essential to start the 
action in the first instance. 

According to Geuther, when sodium is added to a large 
excess^ of ethylic acetate, the sole product besides hydrogen and 
sodic ethylate is a body of the composition CgHgNaOg, which 
he regards as the sodic salt of an acid termed by him etkyl- 
diacetic acid. Judging from its reactions, however, there can be 
no doubt but that it is simply the sodium- derivative of an ethylic 
acetoacetate,^ thus : 

CH, 



fCHj 



s 

CO 
CHNa + NaOQH, + H,. 

CO.OC2H5 



In Frankland and Duppa's experiments the sodium was 

^ If a relatively small quantity of ethylic acetate be taken, the first 
product is liable to imdergo change during the prolonged heating which 
is then necessary to effect the complete solution of the sodium. 

' By treating the compound CgHgNaOa with acetic acid Geuther 
has succeeded in replacing the sodivun by hydrogen. Ethylic aceto- 
acetate thus formed is an oily liquid, boiling at about 181° ; on heating 
with water and an alkali it is resolved into acetone, alcohol, and a me- 
tallic carbonate, thus : 

I ^^'J£^^^^^ + Ba(0H)2 = CH3. CO. CH3 + C2H5OH + BaCOg. 

By the action of sodium amalgam on an aqueous solution of ethylic 
acetoacetate the sodic salt of j3-oxybutyric acid is produced : 

CH3 I CH3 

CO „ T,T r^TT CH.OH ^,, ^^ 

^jj + H3 + NaOH = ■( ^^ ^ C^^^^. 
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placed in a vessel connected with a flask — containing the ethylic 
acetate — heated in an oil-bath, and with a condenser, the appa- 
ratus being so arranged that the vapour passed over the surface 
of the sodium and thence into the condenser, where it was lique- 
fied ; the condensed liquid then dropped on to the surface of the 
sodium and ran back into the heated flask. The solid product 
was thus dissolved off the sodium almost as rapidly as it was 
formed, and a fresh surface continuously exposed to the action 
of the ethylic acetate. In this manner they were able to dis- 
solve an amount of sodium only slightly less than is indicated 
by the proportion CH3CO.OC3H5 : Na. The contents of the 
flask were then introduced into a digester, an* amount of ethylic 
iodide added equivalent to the amoimt of sodium employed, and 
the digester heated during several hours to 100° ; after cooling, 
a considerable quantity of water was added, and the whole sub- 
mitted to distillation in an oil-bath. At first ethyUc ether, to- 
gether with some unattacked ethylic acetate, passed over ; but 
afterwards, as the temperature rose, an oily liquid came over 
with the water ; this was separated by fractional distillation into 
four distinct compounds. Two of these, termed by Frankland 
and Duppa ethylic ethacetone carbonate and ethylic diethacetone 
carbonate, are respectively the monethyl- and diethyl-derivativc 
of the ethylic acetoacetate above mentioned, thus : 



fCH, 


CH, 


fCH, 


CO 


CO 


CO 


CH, 


CH(C,H,) ' • 


C(C,H,), 


CO.OCjHj 


ICO.OCjHj 


ICO.OCjHj 



Ethylic acetoacetate. Ethylic acetoethacetate. Ethylic acetodiethacetate. 

Ethylic acetoethacetate has been obtained by Geuther by the 
action of ethylic iodide on the compound CgHgNaOg. 

The remaining products are the ethylic salts of ethacetic 
(butyric) and diethacetic (caproic) acid : 

ICH3 ^ (CH,(C,H,)^ fCH(C,H,), 

ICO.OC2H5 ' ICO.OC3H5' iCO.OQHg • 

Ethylic acetate. Ethylic ethacetate. Ethylic diethacetate. 

Frankland and Duppa thought that each of these four pro- 
ducts is formed by the action of ethylic iodide on a correspond- 
ing sodium-derivative ; Vn iacl, XJoaX ^^ ^.oCvysv <i>^ ^^^oassi. ^\l 
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ethylic acetate gives rise to at least four distinct sodium com- 
pounds, namely : 



CH3 


rCH, 






CO 


CO 






CHNa ' ■ 


CNa, ' 1 


CHjNa . 1 


CHNaj 


CO.OC3H5 


.CO.OQH5 


CO.OC2H5' 


CO.OC3H5 



Geuther maintained, however, that the compound C^HgNaO, 
(ethylic acetosodacetate) is the only sodium-derivative produced, 
and that the various products obtained by Frankland and 
Duppa are to be regarded as formed from the ethylic derivative 
of this compound by the action of sodic ethylate. 

The more recent researches of Wislicenus have confirmed 
Geuther's conclusions as to the nature of the reaction between 
sodium and ethylic acetate, and show that the bodies obtained 
by Frankland and Duppa are formed in the following manner. 
In the first instance the ethylic acetate is converted into ethylic 
acetosodacetate in accordance with the first equation on p. 257, 
sodic ethylate being formed simultaneously. On the addition 
of ethylic iodide, however, the ethylic acetosodacetate is con- 
verted into ethylic acetoethacetate, CHs.CO.CH(C2H5).COOC3H5, 
but this compound is at once partially acted upon by the 
sodic ethylate and converted into ethylic acetosodethacetate^ 
CH3.CO.CNa(C2H5).COOC2H5, and this latter body, under the 
influence of the ethylic iodide still present, then partially ex- 
changes its sodium for ethyl, thus giving rise to ethylic aceto- 
diethacetate, CH3.CO.C(C2H5)2.COOC3H5. Ethyhc acetoacetate 
(foot-note, p. 257) may be converted into the acetosodacetate 
by warming with sodic ethylate as well as by the direct action of 
sodium, but it is not possible to replace more than a single unit 
of hydrogen by the metal ; ethylic acetodiethacetate is not acted 
upon by sodium. The ethylic ethacetate and diethacetate are 
formed by the action of the sodic ethylate on ethylic aceto- 
ethacetate and acetodiethacetate ; a complex mixture of products 
is obtained, and the precise character of the reaction has not 
been ascertained, but the chief result appears to be that the 
acetyl group, CH3.CO, of the acetoacetate is simply displaced 
by hydrogen. 

Wislicenus has shown that elhyWc aiceXo^LCftX^X'^K^'a.'sirc^^'eiCNs:. 
agent of the highest value : by actixi^ on \X \^VCcl "s^Ck^^ ^^v^wNjva^-^ 
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and treating the resulting acetosodacetate with a haloid com- 
pound such as a moniodoparaffin or ethylic monochloracetate, 
CHaCl.COOCaH^ or, in fact, any haloid compound which 
will exchange its halogen, a series of compounds may be 
obtained which may be represented by the general formula 
CHs.CO.CHX'.COOC2H5, X' being the radicle associated with 
the halogen in the haloid compound employed. By similarly 
treating these compounds, first with sodic ethylate and then 
with a haloid compound — which may be the same as, or different 
from, that first employed — a series of compounds of the form 
CHyCO.CX'Y'.COOCaHs are then obtained, Y' being the 
radicle of the haloid compound employed. When either of 
these two kinds of derivatives is heated with a solution of baric 
hydrate, it is almost entirely decomposed * in the manner indi- 
cated by the following equation : 

{CO.CHg 2OH 

CX'Y^COOQHs * 

fCH, 



= CO. 



CHX'Y' ^ ^^Hs.OH + H2CO3. 



But if it is decomposed by means of a very concentrated 
alcoholic solution of potassic hydrate, the following decom- 
position also takes place : 

JCO.CH3 QtT 

ICX'Y'.COOCaHg ^ 

= CHX^Y'.COOH + CH3.COOH + C2H5.OH. 

So that on the one hand it is possible to obtain a series of 
mono- and di-derivatives of acetone, CH3.CO.CHg; and on the 
other, a series of mono- and di-derivatives of acetic acid. 

A number of observations which have been made on the 
action of sodic ethylate on various ethereal salts are of consider- 
able interest when viewed in connection with the experiments 
on the action of sodium on ethylic acetate. Thus, on heating 
with sodic ethylate, ethylic formate, HCO.OC2H5, is resolved 



into carbonic oxide and alcohol ; ethylic oxalate, 



fCO.OCoH 



2"5 is 



CO.OC2H5 



resolved into carbonic oxide and ethylic carbonate, CO(OC2H5)2; 
and. ethylic carbonate yields ethylic ether and sodic ethylic 

carbonate, CO 1 ^Tr^ . -f^ ^\m^\'& ^Y;:^T^aX\ss^ of these 

c/econipositions is afforded \i \\. \ie ^s^>xm^^ xJaax. vc. -^Vw^ '^^'^x. 
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place the ethereal salt combines with the sodic ethylate, and 
that the compound so formed is subsequently decomposed ; in 
the case of ethylic formate, for example, we have : 



HCO.OC2H5 + NaOCjHs = HC 



OQH5 = CO + HOC2H5 + 
ONa NaOCaHy 



A small quantity of ethylate suffices thus to decompose a re- 
latively large quantity of ethereal salt, and were it not that 
secondary products are formed, it would doubtless suffice to 
decompose an infinite quantity. Sodium effects a precisely 
similar decomposition, but it appears probable that the ethereal 
salt is not affected by the sodium as such, but rather that by the 
action of the latter on traces of alcohol present, sodic ethylate 
is produced, which then decomposes the ethereal salt in the 
manner indicated. It is interesting to note that no hydrogen is 
evolved by the action of sodium on ethylic formate containing 
a considerable proportion of alcohol ; it would appear that it is 
consumed in the formation of secondary products, and that the 
reaction resembles that which occurs when nitric acid is acted 
upon by metals — in this case also, as a rule, no hydrogen is 
evolved, although the first action undoubtedly consists in the 
displacement of hydrogen in the acid by the metal, because it 
at once attacks the nitric acid and reduces it. 

Ethylic acetoacetate readily exchanges one of its atoms of 
hydrogen for other metals besides sodiiun. Thus on shaking 
it with an ammoniacal solution of cupric sulphate, a pale green 
precipitate of ethylic acetocupr acetate ^ {<Z^jd^^yXy is obtained ; 
and the corresponding magnesium derivative may be prepared 
in a similar manner, or by the action of magnesium amalgam. 
Both these compounds crystallise well from benzene. The 
former melts at 182°, the latter at 240°. The aluminium 
derivative (CQH903)gAljj, forms glistening crystals, melting at 76°, 
and may even be distilled unchanged. 

Ethylic acetoacetate is also readily acted upon by 
chlorine, and converted into the dichlorinated derivative 
CH3.CO.CCI2.COOC2H5. 

On treatment with a dilute aqueous solution of nitrous acid, it 
forms the nitroso-derivative CH3.C0.CH(N0).C00C<j,H«,. 

The introduction of the acetyl ox CW-^CO ^csvsl^ va.'s^^^^'^ 
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one of the units of hydrogen in the CH, group of ethylic acetate 
has^ therefore, a most remarkable effect, rendering the two 
remaining units of hydrogen extremely mobile and readily dis- 
placeable both by positive and negative radicles. 

Haloid Substitution-derivatives of Acetic Acid, — By the 
action of chlorine on boiling acetic acid to which some 
iodine has been added, it is converted into monochloracetic 
acid, and if the action be prolonged, dichloracetic acid is 
formed ; trichloracetic acid is obtained by the action of an 

.excess of chlorine on acetic acid in sunlight, but it is best 
prepared by oxidation of chloral. Similarly, by heating acetic 
acid with bromine, mono- and dibromacetic acid are ob- 
tained; tribromacetic acid is obtained by oxidation of tribrom- 
aldehyde (bromal). These acids are crystalline substances, 

. ^hich boil imchanged at temperatures higher than acetic 
add : 

B.-P. B -P 

CH3C0(0H) 119° CH2BrC0(0H) 208° 

CH2C1C0(0H) 185° CHBr2C0(0H) 225°-23o^ 

CHCl2C0(0H) 195° CBr3C0(0H) about 245° 
CCl3C0(0H) about 200° 

In chemical behaviour they resemble the parent substance, 
acetic acid, most closely, yielding metallic and ethereal salts, 
acid chloride, amides, &c. They are reconverted into acetic 
acid by the action of nascent hydrogen. 

Haloid derivatives of most of the acids homologous with 
acetic acid have been prepared, but with few exceptions the 
mono-derivatives alone have been examined. 

Acetic Chloride {Acetyl Chloride), CH3COCI.— This com- 
pound is best prepared by distilling a mixture of phosphorus 
terchloride and carefully dried acetic acid : 

3CH3CO(OH) -h PCI3 = 3CH3COCI + PH3O3. 

It is a mobile colourless liquid, possessing an extremely 
pungent odour like t\val of acetic and hydrochloric acid. 
It boils at 55"*; water decoiw^o^t^ *\\. \mm^^\^\!^^^^x:^;in^ 
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acetic and hydrochloric acid. Acetic bromide and iodide 

are analogous compounds. 

CH CO) 
Acetic Anhydride, CH^CO ^' obtained by the action of 

acetic chloride on a metallic acetate — usually sodic or 
potassic acetate : 

CH3COCI + CH3C0(0Na) = (CH3CO)20 + NaCl, 

is a colourless mobile liquid, having a pungent odour similar 
to that of acetic acid. It boils at 138° ; when poured into 
water it forms oily drops which disappear after a while, the 
anhydride being converted into the acid. 

Homologous compoimds are similarly obtained from the 
acids homologous with acetic acid ; they exhibit an analo- 
gous behaviour. The mixed anhydrides formed by the 
action of the chloride of one acid on the metallic salt of 
another acid of the series — for example : 

C2H3OCI + C4H70(ONa) = C2H3O.O.OC4H7 + NaCl, 

Acetic chloride. Sodic butyrate. Acetobutyric anhydride. 

— cannot be distilled unchanged, but are resolved into two 
simple anhydrides : 



2 



CH3CO 1^ _ CH3C0|^ , C3H7CO) 

CgHyCO)^ " CH3C0|^ ■*■ C3H7CO 



O. 



Acetic jPm?Jc/^<?,pTT^PQ*Q [. — This compound is prepared 

by adding baric peroxide to a solution of acetic anhydride in 
anhydrous ether : 

CH3COIQ g Q _ CH3CO.O) CH3CO.O 
^CH3C0}^ ^ ^^^2 - CH3CO.OJ ^ CH3CO.O 



Ba. 



The ethereal solution is separated from the baric acetate 
by filtration, and cautiously evaporated ; the acetic peroxide 
then remains as a colourless viscid liquid. It is a powerful 
oxidising agent and violently explosive, and on tlvvs* -^^^^xskj^. 
is a most dangerous substaivee. li^^ Oc^qsm^^ Sx ^-^cs^^^^ 
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bleaches indigo; it separates iodine from hydriodic acid and 
from potassic iodide; and it converts a solution of potassic 
ferrocyanide into potassic ferricyanide. The addition of baric 
hydrate solution to the peroxide suspended in water causes 
an immediate precipitation of hydrated baric peroxide. 

TJiiacetic Acid^ CH3C0(SH), is obtained by the action of 
acetic chloride on potassic sulphydrate, or by distilling acetic 
acid with phosphorus pentasulphide, 5CH3CO(OH) + P2S5 
= 5CH3CO(SH) + P2O5. It is a colourless liquid, smell- 
ing like acetic and sulphydric acids together ; it boils at 95^. 
Thiacetic acid decomposes metallic carbonates, forming 
metallic thiacetates, CH3C0(SM'), &c. Phosphorus penta- 
chloride converts it into acetic chloride : 

CH3C0(SH) + PCI5 = CH3COCI + PSCI3 + HCl. 

By acting upon the metallic thiacetates with iodine, acetic 
disulphide — the sulphur analogue of acetic peroxide — is 
obtained : 2CH3CO(SM') + I2 = 2MI + (CH3CO)S2. 
Acetic sulphide^ (CH3CO)2S, is produced by distilling acetic 
anhydride with phosphorus pentasulphide. 

Acetamide, CH3CO(NH2), is most conveniently pre- 
pared by distillation of ammonic acetate : CH3CO(ONH4) 
= OH2 + CH3CO(NH2) ; it is also readily obtained by 
the action of ammonia on ethylic acetate, or acetic chloride. 
Acetamide is a white crystalline solid, which melts at 78® 
and boils unchanged at 221° ; it is readily soluble in water ; 
on heating with water it is rapidly converted into ammonic 
acetate. Acetamide combines with acids : thus with hydro- 
chloric acid it forms the compound CH3CO(NH2), HCl ; it 
also yields metallic derivatives, such as CH3C0(NHAg), 
argentacetamide^ and CH3C0(NHg), mer cur acetamide. On 
distilling acetamide with phosphoric anhydride, methylic 
cyanide, CH3.CN {acetofiifriie), is produced. The acid 
amides derived from the homologues of acetic acid are in 
every respect compo\mds aiiaXo^ous to acetamide. 



Amido-acids of the Acetic Series, 265 

Derivatives formed from the haloid substitution-derivatives 
of Acetic Acid (and its hcimologues)by double decomposition, — 
The haloid derivatives of acetic acid (and of its homologues) 
are capable of entering into reaction with various compounds 
to form, by double decomposition, new products which may 
equally well be regarded as substitution-derivatives (see 
cyanacetic acid^ glycollic acid^ thioglycollic add). The be- 
haviour of the mono-derivatives has received the greatest 
share of attentipn ; little is known of the higher haloid sub- 
stitution-derivatives, which appear to comport themselves in 
a somewhat different and peculiar manner. 

Special interest attaches to the compounds formed by the 
action of ammonia and the amines on the mono-haloid 
derivatives of acetic acid and its homologues, since many 
are identical with natural products. Hippuric acid, for 
example, a substance present in considerable quantity in the 
urine of the herbivora, is resolved on boiling with water and 
hydrochloric acid into benzoic acid and giycocine (glycocoU), 
C9H9NO3 -♦- OH2 = CyHeOg + CgHsNOa; and by heating 
monochlor- or bromacetic acid with ammonia, the am- 
monic salt of amidoacetic acid is produced : CH2C1C0(0H) 
+ 3NH3 = CH2(NH2)CO(ONH4) -}- NH4CI, the which 
amidoacetic acid is found to be in all respects identical 
with giycocine from hippuric acid.^ Similarly, amidocaproic 
acid, C5Hio(NH2)CO(OH), obtained by the action of am- 
monia on bromocaproic acid, is identical with leucine, a 
substance present in various parts of the animal organism 
(the brain, liver, and pancreas) and which is also formed 
when albumenoid matters of animal origin, such as horn, 
wool, &c. are heated with dilute acids or alkalies. Again, 
by the action of methylamine, NH2(CH3), on chloracetic 
acid, methylamidoacetic acid, CH2(NHCH3)CO(OH), is ob- 
tained, which is identical with sarcosine^ a product of the 

' Hippuric acid has been obtained by heating giycocine with benzoic 
acid. 

2 Creatine has been produced Aa^ ^\xt,OL "^sikSStL qV '3»x^<5{scc«. "»aSi. 
cyanamide (NH^. CN). 
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decomposition of creatine (a substance present in small 
quantity in flesh) by boiling with baric hydrate solution. 

Amidoacetic acid is not the only compoimd formed by the 
action of ammonia on chloracetic acid, but the product is a 
mixture of the three bodies : 



N 



CHjCO(OH) 


CHiiCO{OH) 


CHaCOCOH) 


H , N- 


CH2CO(OH), N- 


CH2CO(OH) 


H 


H 


CH2CO(OH) 


Glycolamidic acid. 


Diglycolamidic acid. Triglycolamidic acid. 


(Amidoacetic acid). 







Monamido-derivatives of the acids of the acetic series 
are also produced by combining the aldehydes of the acetic 
series with ammonia, digesting the aldehyde-ammonias so 
formed with hydrocyanic acid, and subsequently heating the 
product with hydrochloric acid solution (see page 220). 
Thus acetic aldehyde is in this way converted into amido- 
propionic acid (alanine)) and valeric aldehyde (from ferment- 
ation amylic alcohol) yields amidocaproic acid or leucine, 

Propylic or Propionic Acid {Meihaceiic Acid), C3Hg02= 
C2H5CO(OH) = CH3.CH2CO(OH).--Thisacid is obtained 
by the general methods; also as ethylic salt among the 
products of the action of methylic iodide on the product of 
the action of sodium on ethylic acetate ; and by heating 
lactic acid with hydriodic acid : 

CH3.CH(0H)C0(0H) + 2HI = CH3.CH2CO(OH) + 

I2 + OH2. 

Propionic acid boils at 140° '5 and in all respects closely 
resembles acetic acid. 

Tetrylic or Butyric Acid, C4H8O2 = C3H7CO(OH).— 
Two modifications of this acid are known — fiormcU and 
isobutyric acid. 

Normal Butyric {Ethacetic) Acid, CH3.CH2.CH2CO(OH), 
IS obtained on oxidation of normal primary butylic alcohol ; 
Scorn, normal primary pTo^^.I^^^ ixorov T^topylic alcohol 
(inethod i,page 241) , aiida?»^\h^X\c^'!\\.^mQw^'^^ 
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of the action of ethylic iodide on the product of the action 
of sodium on ethylic acetate. It is best prepared by al- 
lowing a mixture of sugar, chalk, and cheese to ferment 
(page 202). It is present in small quantity (as glyceric 
salt) in butter ; also in perspiration, in the juice expressed 
from human flesh, and in various plants — usually in the form 
of an ethereal salt. 

Normal butyric acid closely resembles acetic acid in 
appearance, but has a peculiar rancid odour; it boils at 
162°-! 63°, and at o** has the sp. gr. -981 ; it is readily soluble 
in water. 

Isobutync Add {Dimethacetic Add), CH(CH3)2CO(OH), 
is obtained on oxidation of isoprimary (fermentation) butylic 
alcohol ; from isopropylic alcohol ; and as ethylic salt among 
the products of the action of methylic iodide on the pro- 
duct of the action of sodium on ethylic acetate. It re- 
sembles its isomeride in appearance, but boils at 154°, 
and at 0° has the sp. gr. -959 ; moreover, calcic isobutyrate 
has the composition (C4H702)2Ca,50H2, whereas calcic 
butyrate is (C4H70a)2Ca,OH2; the latter is more soluble in 
cold water than calcic isobutyrate, and is also characterised 
by being less soluble in hot than in cold water, so that if 
a cold saturated solution be warmed to 7o**-So° the salt 
separates out in glistening crystalline plates. Similar differ- 
ences exist between the derivatives of the two acids. Thus 
isobutylic butyrate^ C3H7«CO(OC4H9^), boils at 150°, and 
at 0° has the sp. gr. '8798, whilst isobutylic isobutyrate^ 
C3H7^CO(OC4H/), boils under similar conditions at 144**- 
147°, and at 0° has the sp. gr. '8757. 

Both modifications are oxidised by prolonged heating with 
chromic acid solution, and yield the same products, namely, 
acetic acid and carbonic anhydride; but the normal acid 
is much less readily acted upon than is the iso-acid. 

Pentylic or Valeric Acid, C5H10O2 = C4H9CO(OH). 
— Four isomeric modifications of this acid exist. 

Normal Primary Valeric ox Falerianic Acid VPro^-^XaceXxt 
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Aciii)y CH3.CH2.CH2.CH2CO(OH), may be obtained by 
oxidation of normal primary amylic alcohol prepared from 
normal primary pentane, and from normal primary butylic 
akohol (method 4, page 242). It closely resembles butyric 
acid in odour, but is more oily and less soluble in water. It 
boils at 185°, and at 0° has the sp. gr. '9577. 

Isoprimary Valeric Acid, CH(CH3)2.CH2CO(OH), also 
known as Isopropylacetic Acid, is obtained on oxidation of 
the optically inactive isopriiAary amylic alcohol of fermenta-. 
tion ; from isoprimary butylic alcohol (method 4, page 242); 
and as ethylic salt among the products of the action of iso- 
propylic iodide on the product of the action of sodium on 
ethylic acetate. It boils at 175°, and at 0° has the sp. gr. 
•9468. 

The third modification is obtained by oxidation of- the 
optically active amylic alcohol of fermentation. It is dis- 
tinguished from its isomerides by the power which it has of 
rotating a ray of polarised light, and in a direction (to the 
right) opposite to that in which the parent alcohol diverts 
the ray. It has a slightly lower boiling-point and specific 
gravity than the acid obtained from the inactive alcohol, and 
furnishes a non-crystalline baric salt, whereas the former 
yields a crystalline baric salt; on heating to 200° with 
a small quantity of sulphuric acid it is rendered optically 
inactive, but still furnishes a gummy baric salt. An acid 
having similar properties, excepting that it is optically in- 
active, may be prepared from the ethylic salt formed on 
distilling ethylic acetomethethacetate with sodic ethylate 
(see p. 259); probably therefore the optically active acid is 
methethcudic acid, CH(CH3)(C2H5).COOH. 

Tertiary Valeric or Trimethacetic Acid, C(CH3)3CO(OH). 
— ^To obtain this acid the 3-iodotetrane prepared by 
acting on tertiary butylic alcohol (trimethylcarbinol) with 
hydriodic acid is converted into cyanotetrane by the action 
of mercuric cyanide*. C^CH^^^I -v H^(CN)o. = C(CH3)3CN 
-f- HglCN, whicb istlaen\i^aX^^m\)a\q^X^x^Tv^V^^^^cs^^,^^ 
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acid. Trimethacetic acid is a white crystalline body, slightly 
soluble in water j it melts at 34°-35° and boils at 161°. 

It will be noticed that the relation in boiling-point and 
specific gravity between the isomeric butyric and valeric 
acids is of the same nature as that which obtains between 
the isomeric paraffins and isomeric alcohols of the ethylic 
series. 

Palmitic A cid^ Ci5H5iCO(OH). — This acid is a constituent in 
the form of an ethereal salt of nearly all vegetable and animal fats ; 
thus palm oil consists in the main of glyceric palmitate, and 
spermaceti of cetylic palmitate. These ethereal salts are readily 
decomposed by caustic alkalies with formation of an alcohol 
and a metallic palmitate; on treating the latter with ^a mineral 
acid, crude palmitic acid is obtained, which may be purified by 
recrystallisation from alcohol. Palmitic acid is a colourless, 
odourless, and tasteless solid, insoluble in water ; it melts at 62°, 
but cannot be distilled unchanged. 

Stearic Acid, CyjYi^QO{Oli), is present as glyceric stearate 
(stearin) in most fats, but is especially abundant in beef and 
mutton suet. It is always obtained admixed with more or less 
palmitic acid ; to separate it, the mixture is dissolved in hot 
alcohol and an alcoholic solution of magnesic acetate added ; 
the magnesic salt which crystallises out consists chiefly of 
magnesic stearate, which is then decomposed by hydrochloric 
acid, and the separated stearic acid again similarly treated, and 
finally repeatedly recrystallised from alcohol until it exhibits a 
constant melting-point (69^-70°). Like palmitic acid, it is a 
white crystalline substance, insoluble in water. 

Cerotic Acid, C2eH53CO(OH), is the main constituent of 
the portion of common beeswax soluble in boiling alcohol ; as 
cerylic cerotate it is almost the sole constituent of Chinese wax. 
Cerotic acid has been obtained by oxidising solid paraffin with 
potassic dichromate and sulphuric acid mixture. It crystallises 
in white grains melting at 78° ; it may be distilled unchanged. 

By distilling a mixture of baric acetate and baric palmitate 
or stearate, corresponding ketones (page 323) are obtained, viz. 
C15H31.CO.CH3 and C17H35.CO.CH2; on oxidation, these latter 
are respectively converted into ^entadccjilic ^:w^ mar^aHc cw:xA^ 
C,^UoQ,COOY{ and CigHayCOOR. 



i 
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Melissic Acid^ C29H5gCO(OH), is obtained by oxidising 
melissic alcohol (page 161) by fusing it with potassic hydrate : 

CjoHe^O + KHO - CjoH^^KOa + H,. 

It closely resembles cerotic acid, but melts at 88°- 89°. 

CnH2n(0H)C0(0H) OR LACTIC SERIES OF MONOBASIC ACIDS. 

The acids of this secondary series are the mono-hydroxyl 
derivatives of the acids of the acetic series, to which they 
bear the same relation that the monohydric alcohols of the 
ethylic series bear to the paraffins ; hence they are termed 
monobasic dihydric adds : 

C„H2,+ i(0H). C„H2,+ iC0(0H); C„H2n(OH)CO(OH). 

Alcohol of ethylic series. Acid of acetic series. Acid of lactic series. 

Formation. — i. By the action of argentic oxide and 
water (argentic hydrate ?) on the monochlorinated, mono- 
brominated, or moniodated acids of the acetic series : 

2CnH2„BrCO(OH) + AgaO + OH2 = 

2C„H2,(OH)CO(OH) + 2AgBr. 

2. By the action of nitrous acid on the monamido-deriva- 
tives of the acids of the acetic series (p. 265) : 

C,H2.(NH2)CO(OH) + NO(OH) = C„H2n(OH)CO(OH) 

+ N2 + OH2. 

3. By oxidation of the glycols by dilute nitric acid, 
argentic oxide, or in contact with platinum black. 

4. As potassic salts by boiling the cyanides obtained by 
the action of potassic cyanide on the chlorhydrins of the 
glycols (formed either by the union of the olefines with 
hypochlorous acid (p. 96), or by the action of hydrochloric 
acid on the glycols (p. 174), with potassic hydrate solution : 

<:^H2„(0H)CN + OH2 -h KHO = C,H2n(OH)CO(OK) 
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5. As potassic salts, by the action of potassic hydrate 
solution on the acid chlorides of the monochlorinated acids 
of the acetic series formed by the union of the olefines and 
carbonic oxychloride (p. 56) : 

QHanClCOCl + 3KHO = CnH2^(0H)C0(0K) 

+ 2KCI + OHa. 

6. By digesting the cyanides formed by the union of (a) 
the aldehydes of the acetic series and hydrocyanic acid 
(p. 220), and (b) the ketones of the form CO(CnH2ii+i)2 
and hydrocyanic acid, with hydrochloric acid solution : 

{a) C(C„H2^+i)H(0H).CN + 2OH2 + HCl = 

C(C„H2„+i)H(0H).C0(0H) + NH4CI. 

(3) C(CnH2n+i)2(OH).CN + 2OH2 + HCl = 

C(C„H2n+4)2(OH).CO(OH) + NH4CI. 

7. As ethylic salts by the action of the zinc organo- 
metallic compounds* on ethylic oxalate, and subsequent 
treatment of the product with water (Frankland and Duppa) : 



fCO.OC2H5 ^7„(CnH2n+i _ 

tCO.OC2H5 + ^^°IC,H2+, " 

fC(C„H2n+l)2(OZnCnH2n+l) 1 7„jCnH2n+i . 

tCO.OC2H5 + lOCnH2„ + i ' 

(C(CnH2n+i)2(OZnCnH2n+l) 1 ^OH^ — 

Icab^^Ht^^^^ + Zn(0H)2 -h C.H2.^, 
8. As ethylic salts by the action of nascent hydrogen on 
the compounds of the form {co OC^''^'^^^^^^^^ ^^ 

* The zinc organo-metallic compound may be prepared in situ ; i.e., 
the reaction may be effected simply by employing a mixture of ethylic 
oxalate, zinc, and a moniodoparaffin. 
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tained by acting upon the compound C6H9Na03 (p. 257) 
with the moniodoparaffins : 



CH3 

CO + H2 = 

CH.CnHjn + i 
CO.OC2H5 



CH3 

CH.OH 

CH.CnXl2n+i 
CO.OC2H5 



Mode of classifying the Acids of the Lactic Series, — The 
isomeric acids may be arranged in a number of series according 
to the methods employed in theirformation and their behaviour on 
oxidation and with various reagents. Thus we may distinguish — 

1. Primary Acids, I ^(^^^a^+i)^-^^, which appear to be 

always formed by the application of method i to the mono- 
haloid derivatives produced by acting upon the primary acids 
of the acetic series with chlorine or bromine, and are also pro- 
duced on oxidation of the glycols : €(0^112^+ i)H(OH).CHa(OH), 
and from the aldehydes of the acetic series by method 6. 

2. Secondary Acids, |^(5'^^«'^+ 1^2- OH^^,j^j^j^ ^pp^^.^^^^^ 

are always produced by the application of method i to the 
mono-haloid derivatives obtained by acting upon the secondary 
acids of the acetic series with chlorine or bromine, and are also 
formed from the ketones by method 6, and from ethylic oxalate 
by method 7. 



'caoJf ' *'°'™«^ ^y 



3. Primary Olefine Acids, CnHgn 
oxidation of the primary glycols. 

4. Secondary Olefine Acids, CnH2n|^^;i??J''+i)^'^^^ 

(CO.OxT 

formed by method 8. 

5. Tertiary Olefine Acids, CnH^n |co cm""*"'^*'^^- 

Acids of this series have not as yet been produced. 

Each of these series may include normal and iso-acids. 

Properties. — The acids of the lactic series furnish 
metaWxc salts of the com^o^Vcv.ox\. C,^.j5^H\CO.OM' 
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carbonates, and they furnish corresponding ethereal salts 
(C„H2n(OH)CO.OCnH2n+i, &c.), when acted upon by the 
alcohols. But it is also possible to replace a second unit of 
hydrogen by metals ; thus, by carefully fusing sodic lactate 
with sodium, a disodic lactate is produced : 

2C2H4(OH)CO(ONa) + Nag = 

C2H4(ONa)CO(ONa) + H2. 

This derivative, however, cannot be dissolved in water un- 
changed, but is resolved into sodic lactate and sodic hydrate, 
just in the same manner that sodic ethylate is converted by 
water into alcohol and sodic hydrate. Similarly, potassium 
and sodium dissolve with evolution of hydrogen in the 
ethereal salts of the acids of the lactic series, producing 
metallic derivatives of the form CnH2n(ONa)CO(OCnH2ii+ 1), 
which may be converted by the action of the moniodo- 
paraffins into the ethereal salts of what are appropriately 
termed etheric acids of the lactic series : 

CnH2n(ONa)CO.OC,H2n+i + C„H2„+,I 

= C„H2n(OC,H2n+i)CO.OCnH2n+, + Nal ; 

from which the potassic salts of etheric acids are obtained 
on heating with potassic hydrate solution : 

CnH2n(OC,H2n+l)CO.OaH2„+i + KHO 

= CnH2n(OCnH2n+l)CO.OK + H0.CnH2ii+i. 

These etheric acids are not decomposed by alkalies, but are 
converted into acids of the lactic series on heating with 
hydriodic acid : 

CnH2n(OC,H2n+i)CO.OH + HI = CaH2n(0H)C0.0H 

+ CnH2n+iI. 

2. By the action of phosphorus pentachloride on the acids 
of the lactic series, or their metallic salts, the corresponding 
acid chlorides are formed, thus : 

C^H2n(0H)C0.0H + PCI5 = C,H2a(0H)C0Cl 
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This action takes place either in thfe cold or on warming 
gently, but on heating more strongly with an excess of the 
chloride, the acid chloride of a monochlorinated acid of the 
acetic series is produced : 

C„H2„(0H)C0.0H + 2PCI5 = C^Ha^CLCOCl 

+ 2POCI3 + 2HCL 

By the action of the haloid phosphorus compounds on the 
ethereal salts of the acids of the lactic series, the ethereal 
salts of mono-haloid derivatives of the acids of the acetic 
series are produced, e.g. : 

C„H2„(0H)C0.0C„Ha. + i + PCI5 

= C„H2,Cl.C0.0C„Ha^+ 1 + POCI3 + HCl; 

in many cases, however, the product is at once resolved into 
hydrochloric acid, and the ethereal salt of the corresponding 
acid of the acrylic series : 

C„H2„Cl.CO.OCnH2„+i = HCl + C^Hj^^iCO.OCjHfi. 

3. By heating the acids of the lactic series with a concen- 
trated aqueous solution of hydriodic acid, they are reduced 
to the corresponding acids of the acetic series : 

CnH,„(OH)CO.OH -♦- HI = C^HaJCO.OH + OHj; 
QHj^ICO.OH -h HI = C^Han+iCO.OH + Ij. 

4. The acids of the lactic series are readily oxidised, and 
furnish characteristic products, but the law of oxidation is 
not yet fully worked out; the primary acids apparently 
always furnish an aldehyde, carbonic anhydride, and water : 

CaOH"""'^^^^^^ + ^ = C„H2„+,C0H -h COa + OHj; 

whilst the secondary acids yield a ketone, carbonic anhy- 
dride, and water : 
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and the primary define acids are converted into the corre- 
sponding dibasic acids of the succinic series : 

r TT JCH2.OH _y r\ r* xj (CO.OH , |-vtt 

5. Several of the acids of the series are converted into the 
corresponding acids of the acrylic series and water on dry 

distillation : 

C„H2„(0H)C0.0H = C„H2„_, CO.OH + OHj. 

Others yield anhydrides, two of which are formed, thus • 



iC,H2„.0H. 
(CO.OH ' 



(C,H2,.0H 

tcoi 

rC,H2„.0 I 
CO.OH 



COO - CHgn 



CHan . COO 



Acid of lactic series. First or etheric anhydride. Second anhydride or lactide. 

The etheric anhydrides are monobasic acids ; thelactides are 
indifferent bodies. 

Carbonic Acid, H2CO3 = C0(0H)2. — This acid is the 
first term of the lactic series, being the monohydroxyl de- 
rivative of formic acid, HCO(OH), the first term of the 
acetic series.* It is, however, a dibasic acid. Although 

* If the oxidation of the alcohols and aldehydes be regarded as the 
result of double decomposition in the manner previously indicated 
(pp. 216, 241), carbonic acid, or rather orthocarbonic acid, is the final 
product of the oxidation of methylic alcohol, the monohydroxyl de- 
rivative of methane, thus : 

Ih 

Methane. Methylic alcohol. Formic aldehyde Orthoformic Orthocarbonic 

hydrate. acid. acid. 

Neither formic aldehyde-hydrate nor orthoformic acid are known as such, 
both being compounds of exceedingly low stability, but, as already stated, 
their ethereal derivatives are stable bodies ; similarly, although we have 
no knowledge of orthocarbonic acid, and only assume \\& «k^<s«NKs. «^ 
theoretical grounds, an ethylic (>r/Aocar6onate\sVTko^Tt^\aOQJS&*a.^^'^^^ 
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carbonic acid is so unstable that it at once breaks up into 
carbonic anhydride and water, it furnishes a large number 
of highly stable metallic and ethereal salts. It is unnecessary 
to describe in this place the formation of the metallic car- 
bonates. 

Ethereal Salts. — Carbonic anhydride unites with the 
potassium and sodium derivatives of the alcohols ; thus 
when it is passed into a solution of potassic hydrate in 

anhydrous alcohol, potassic et hylic carbonate^ CO|J;^*^> 

is produced.* The compounds so formed are at once 
decomposed by water into the corresponding alcohol and 
hydric potassic (or sodic) carbonate. The normal ethereal 
salts of carbonic acid are obtained by the action of the 
mono-haloid hydrocarbon derivatives on argentic carbonate : 

CO(AgO)2 + 2C„H,„^,I= CO(OC,H2„+i)2 + 2AgI; 

by the action of carbonic oxychloride on the sodium deriva- 
tives of the alcohols : 

COCI2 + 2NaOC,H2,^, = CO(OC,H2,+i)2 + 2NaCl; 

stable compound. It is obtained by the action of sodic ethylate on 
nitrotrichloromethane (chloropicrin) : 

CCIaCNOj) + 4CaH50Na - Q{OC^YL^)^ + sNaCl + NaNO^. 

Ethylic orthocarbonate is an oily colourless liquid, boiling at is8°-i6o°. 

* Similarly, carbonic anhydride unites with the sodium derivatives of 

the mercaptans, and carbonic oxysulphide and carbonic disulphide 

unite with the sodium derivatives of the alcohols and mercaptans thus : 

COg +KSCaH6=C2H5KC02S. 
COS +KOC3H6 = C2H6KC02S. 
CS2 + KOC2H5 « CaHgKCOS.^. 
CS2 + KSC2H5 = C2H5KCS3. 

The stability of these compounds increases as the proportion of sulnhur 
contained in them increases ; thus the two latter yield the corresponding^ 
hydrogexi salts, CgH^.tlCOS^ ?Liv^C.;tt.v^^'^:s» mt\ve form of oily 
liquids on treatment m\h dWMlt^v^fdTo^Vifvc:. ^^^^V5xyKv^^x^^^3^x5s\, 
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and by the action of sodium or potassium on the correspond- 
ing ethereal salts of oxalic acid : 

{cO.'ocrHar+i "^ ^^(^CnH2n+i)2 + CO. » 

They are, with few exceptions, colourless liquids, difficultly 
soluble in water, which can be distilled unchanged; in 
contact with water in the cold they are only slowly decom- 
posed, but on heating are rapidly resolved into the alcohol 
and carbonic acid. 

Ethylic Carbonate, CO(OC2H'5)j.. — Carbonic oxychloride is 
absorbed by anhydrous alcohol with formation of hydrochloric 
acid and ethylic chlorocarbonate, COCl(OC3H5), a mobile colour- 
less liquid, boiling at 94° ; it possesses a suffocating odour and 
has a most irritating action on the eyes. It is slowly decom- 
posed in contact with water. 

On heating ethylic chlorocarbonate with alcohol it is con- 
verted into ethylic carbonate and hydrochloric acid. Ethylic 
carbonate may also be prepared by the general methods above 
mentioned ; it is a mobile colourless liquid, of sweet ethereal 
odour, boiling at 125°. An interesting series of bodies, derived 
from ethylic carbonate by the gradual substitution of sulphur 
for oxygen, have been obtained ; such are the following : — 

B.-P. B-P. 

Amides of Carbonic Acid, — Carbonic acid yields both an acid 

* The probable explanation of this change has been given on p. 261. 

* This compound, obtained by the action of carbonic oxychloride on 
sodium-mercaptide, yields carbamide (urea) and mercaptan on decom- 
position by ammonia : 

CO(SC2H5)2 + 2NH3 = CO(NH2)2 + 2HSC,H5 ; 
whereas the isomeric compound, oblamtd \y3 VJafc ^Oaaxw <5^ ^^^^ 
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amide {carbamic acid) and a normal amide {carbamide). On 
passing dry ammonia gas and carbonic anhydride into anhydrous 
alcohol, a white crystalline body is obtained, which is the am- 
monic salt of carbamic acid, C0(NHj)(0NH4) ; ammonic car- 
bamate is at once decomposed by acids with formation of 
carbonic acid and an ammonic salt Similarly, carbonic oxy- 
sulphide and carbonic disulphide combine with ammonia forming 
the compounds CS(NHj)(ONHJ and CS(NH3)(SNHJ, and 
corresponding ethereal salts are obtained by the action of am- 
monia on the ethereal chlorocarbonates, COCl(OCnH,n+j), and 
the ethereal carbonates, C0(0CnH3n^,)„ &c. Ethylic car- 
bamate originally received the name urethane^ which has become 
generic, all compounds of the form CO(NH3)(OR0 being termed 
unthancs. 

Carbamide {urea), C0(NHj)3. — This compound is one of the 
chief solid constituents of human urine, hence the name urea, and 
especial interest attaches to it as it was the first organic com- 
pound artificially produced. Urea is obtained in a variety of 
ways : by the action of ammonia on carbonic oxychloride ; by 
heating ethylic carbonate with ammonia ; by heating ammonic 
carbamate or ordinary commercial ammonic carbonate in closed 
tubes for some hours at 130°- 140° ; and by the action of heat on 
ammonic cyanate, NH^CNO. It was by this last method that 
Woehler first obtained urea. Ammonic cyanate is prepared by 
mixing solutions of potassic cyanate and ammonic sulphate ; the 
solution is then boiled a short time, which suffices to convert the 
whole of the cyanate into urea. Urea crystallises in long white 
irregfular flattened prisms, very soluble in water; on prolonged 
boiling with potassic hydrate solution it is resolved into am- 
monia and potassic carbonate : 

C0(NH,)2 + OH3 = CO2 + 2NHs. 

Urea combines with acids : thus with hydrochloric acid it forms 

bromide on the product of the union of carbonic disulphide and potassic 
ethylate (potassic xanthate), yields ammonic sulphocyanate, alcohol, and 
mercaptan : 

CS { ^^ + 2NH,=3NH^CSN + HOC2H5 + HSC^H,. 
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the compound CONjH^jHCl ; and with nitric acid the com- 
pound CONjH^jHNOg. The latter salt may be employed in 
the detection of urea : being difficultly soluble in nitric acid, 
it is at once precipitated on the addition of the concentrated 
acid to a moderately strong solution of urea, and when viewed 
under the microscope the precipitate is seen to consist of 
rhombic or hexagonal plates which are highly characteristic. 
Urea also combines with metallic oxides : thus, on the addi- 
tion of mercuric oxide to a solution of urea to which potassic 
hydrate has previously been added, a white precipitate of 
the composition CON2H4,2HgO is produced. A variety of 
so-called compound ureas are known, derived from urea by 
the introduction of hydrocarbon groups in place of hydrogen 
(see Amines),^ 

Isuretine, CON2H4. — This compound, isomeric with ammonia 
cyanate and urea, is obtained by digesting a mixture of hydroxyl- 
amine, NHg-OH, and hydrocyanic acid, dissolved in alcohol, at 
40*^-50°, and subsequently evaporating the solution. It crystal- 
lises in large prisms somewhat resembling urea crystals. When 
boiled with water, it imdergoes a complex decomposition^ 
nitrogen and carbonic anhydride being evolved, the solution 
containing ammonia, urea, guanidine, ammonic formate, and 
other substances. It forms salts such as the hydrochloride 
CON2H4.HCI and sulphate (CONgHJgjHaSO^ ; and also yields 

* Although urea is very generally regarded as carbamide, CO(NH2)2> 
there is reason to doubt whether this hypothesis affords a correct inter- 
pretation of its behaviour : thus, the stability of urea as compared with 
carbonic and carbamic acids is somewhat remarkable on this assump- 
tion ; and reactions such as that which occurs when it is evaporated 
with a solution of argentic nitrate, whereby it is converted into am- 
monic nitrate and argentic cyanate, appear to indicate that the nitrogen 
is not wholly present *in one form,' as it were. Moreover, very few 
of the compound ureas resemble urea in their properties, most of them 
being indifferent substances which do not combine with either acids or 
bases. The formula C(NH2)(NH)(0H) is more in accordance with 
the fact that urea manifests both ' basic ' and ' acid ' properties, and 
that it combines with acids always in the proportions required on th& 
assumption that it is a monacld base Y\ke ^ywkvwvx^. 
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precipitates with various metallic salts. It probably has tlie 
formula CH(XH)(NH.OH). 

Sulphocarbamidc ( Thiourea)^ CSN^H^. — ^This componncl bears 
the same relation to ammonic sulphocyanate that urea beais 
to ammonic cyanate. It is obtained by heating dry ammonic 
sulphocyanate at 170° for two to three hours. Thiourea 
cr>'stallises in white rhombic prisms ; it is in all respects the 
analogue of urea. 

(iLYCOI.l.ICOrliVDROXYACETlC AciD, CH2(OH)CO(OH). 

— This acid is among the products of the oxidation of alco- 
hol by nitric acid. It is also produced on heating the memo- 
haloid derivatives of acetic acid \vith water ; by the action of 
nitrous acid on amidoacetic acid (p. 265) ; by oxidation of 
glycol (hence the name glycoUic acid) ; and by the action of 
nascent hydrogen on oxalic acid : 

CO(OH)CO(OH) -f 2H2 = CH2(0H)C0(OH) -f OH2. 

It forms white anhydrous crystals, which melt at 80** ; it is 
readily oxidised to oxalic acid ; by the action of nascent 
hydrogen it may be reduced to acetic acid. 

Thioglycollic Acid, CH2(SH)C0(0H), is produced by heating 
monochloracetic acid with a concentrated aqueous solution of 
potassic sulphydrate. It is a colourless uncrystallisable oil ; on 
oxidation by dilute nitric acid it is converted into sulpkoacetic 

acid, CHj i ^^s^. 

Lactic Acid. — Three isomeric modifications of this acid 
are known, namely: ethylidenelactic acid, ethylenelactic 
acid and sarcolactic acid. 

Fermentation {Eihylidetie) Lactic Acid, 

CH3.CH(0H).C0(0H). 
The production of this add feom ^w%^ Vyj ^^'wiaeata.tion 
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has been previously described (page 202). It may also 
be prepared by the action of argentic oxide and water on 
a-bromopropionic acid (the first product of the action of 
bromine on propionic acid) ; by oxidation of propylene gly- 
col ; and from aldehyde by combining it with hydrocyanic 
acid, and digesting the resulting cyanide with hydrochloric 
acid solution. It cannot be obtained in the anhydrous con- 
dition, so great is the tendency which it exhibits to part with 
the elements of water and to form anhydrides ; thus it has 
been shown that the syrup which is obtained on exposure of 
a solution of lactic acid over sulphuric acid in vacuo is 
not the anhydrous acid, but a mixture of lactic acid with its 
etheric anhydride and lactide (p. 275). On heating lactic 
acid for some hours at about 200°, it is converted int6 water 
and lactic anhydride oxlactidey C5He04=2C3H603— 2OH2, 
a white crystalline body, melting at 124° '5; lactide is only 
very slowly reconverted into lactic acid on digestion with 
cold water. When heated with sulphuric acid and water 
at 140°-! 50°, lactic acid is resolved into aldehyde and 
formic acid : 

IcSonf ^^^^ + °^2 = CH3.CH(OH)2 + HCO(OH); 

and on oxidation it 5delds acetic, formic, and carbonic acids. 
It is readily reduced to propionic acid on heating with 
a concentrated solution of hydriodic acid ; by the action 
of PCI5 it is converted into chloropropionic chloride, 
C2H4CI.COCI. 

Ethylene-lacHc Acid, CH2(OH).CH2.CO(OH), is obtained 
from the monochlorhydrin of glycol, CH2(0H).CH2C1, by 
method 4; by method i from /3-iodopropionic acid (p. 287) ; 
and as sodic salt by heating sodic acrylate with a solution 
of sodic hydrate at 100°, thus : 



CH2=CH.COONa+OH^r=CRJLpiS^,e^vC5^^^ 



.•a^ 
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On distillation, it is almost completely resolved into acrylic 
acid, CHaZICH.COOH, and water; hence it has been 
termed hydracrylic acid. 

SarcolacUc or Paralactic acid. — Flesh juice contains an 
acid precisely similar in its general chemical behaviour to 
the ordinary lactic acid produced by fermentation, but 
distinguished from it by possessing the property of rotating 
rays of plane polarised light slightly to the right ; the zincic 
salts of the two acids are also different, zincic sarcolactate 
crystallising on slow evaporation of its aqueous solution 
in short thick glistening crystals of the composition 
C6Hio06Zn,20H2, whereas zincic lactate forms small 
colourless prisms of the composition C6Hio06Zn,30H2, 
and is only about one-third as soluble as zincic sarcolactate 
in cold water. On exposure of a solution of sarcolactic 
acid over sulphuric acid in vacuo, a mixture of the etheric 
anhydride and lactide is produced, similar to that obtained 
in like manner from fermentation lactic acid, but both 
products from sarcolactic acid are optically active, manifest- 
ing considerable Isevorotatory power. The lactide produced 
on heating sarcolactic acid is apparently identical with that 
from ordinary lactic acid. No satisfactory explanation has 
hitherto been given of the relation which these two acids 
bear to each other; and it may be doubted whether any 
explanation can be given on the hypothesis that isomerides 
are necessarily bodies of different rational formulae. Sarco- 
lactic acid probably bears a somewhat similar relation to 
the ordinary acid that the optically active modifications 
of tartaric bear to either racemic or mesotartaric acid 
(page 313). 

DiMETHYLHYDROXYACETic AciD {dimcthoxafic add), 

(CH3)2C(OH).COOH, is readily prepared by method 7 from 

ethyWc oxalate and zincic methide ; it is also produced by 

oxidation of dimethaceUc add, (^C^i^<i^^.^^<^"VL \s^ ^ 
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solution of potassic permanganate, its formation in this 
manner affording one of the few instances of the direct substi- 
tution of the group OH for H by means of an oxidising agent. 
It has already been pointed out that this change very pro- 
bably always takes place, but as a rule the resulting com- 
pound at once undergoes further change. Dimethylhydroxy- 
acetic acid is a crystalline substance resembling oxalic acid 
in appearance; it boils at about 212°, and may be distilled 
unchanged. On oxidation with a mixture of potassic 
dichromate and sulphuric acid, it is converted into acetone, 
CO(CH3)2, and carbonic acid. 



CnH2„_iO.CO(OH) OR PYRUVIC SERIES OF MONOBASIC 

ACIDS. 

The acids of this series are monohydric monobasic acids ; 
they may be regarded as derived from the acids of the 
lactic series by the abstraction of two units of hydrogen, and 
from the acids of the glyoxylic series by the abstraction of 
the elements of water ; thus : 

( C„H^(OH) . ( aH^_,0 . J aH^_,(0H)2 

lCO(OH) ' ICO(OH) ' ICO(OH) 

Acid of lactic series. Acid of pyruvic series. Acid of glyoxylic series. 

The following are known : — 

Glyoxalic acid . . . C2H2O3 

Pyruvic (pyroracemic) acid . C3H4O3 

Epihydric acid . . . C4H6O3 

Acetopropionic acid . . CgHgOs 

Convolvulinoleic acid . . Ci3H2403 

Jalapinoleic acid . . . Ci6H3o03 

Ricinoleic acid . • . C^^^J^ri 
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Glyoxalic Acid, C2H503t=COH.CO(OH).— See Gly- 
oxylic Acid {^, 286). 

Pyruvic Acid {Fyroracemic acid)^ C2H30.CO(OH), is 
produced by the dry distillation of racemic or tartaric acid, 
C4H606=C3H403 + CO2 + OH2 ; and by dry distilla- 
tion of glyceric acid. It is a liquid, smelling like acetic 
acid, soluble in water, and boiling at about 165®, but with 
partial decomposition. By the action of nascent hydrogen 
it is converted into fermentation lactic acid ; it unites with 
bromine to form the compound C3H4Br203 {dibrofnolactic 
ocidTj. Two formulae have been proposed for this acid : 

fCHa {^^Ao- 

-:C0 and ]CH ) ' 

(CO.OH (CO.OH 

but the former appears to be the correct expression, as pyru- 
vic acid may be obtained from the cyanide, CH3.CO.CN, 
produced by the action of argentic cyanide on acetic 
chloride, by first converting this cyanide into the amide 
CH3.CO.CONH2 by the action of hydrochloric acid of 
sp. gr. I '20 at 0°, and then gently heating this amide with 
a slight excess of hydrochloric acid. 

EpihydricAcid,^ C4H6O3, is obtained by heating epicyan- 
hydrin (the product of the action of potassic cyanide on 
epichlorhydrin, p. 180) with hydrochloric acid solution : 

' The ethylic acetoacetate, JcoOCH^'^' obtained by Geuther 
(page 257) is the ethylic salt of an acid isomeric with epihydric acid ; 
and the compounds of the form | ^q^q° ^2»+») ^^^^^») and 

^Cabc^'^'^^^^^'^ obtained by Frankland and Duppa (p. 258) 

are ethylic salts of homoVogpus a,cviQLS. TV^esa ethylic salts have not 
hitherto been converted mto iVve cotxes^ati^\tv^^cv^,\vQr«««^«, 
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CH2) 
CH 



^ + 2OH2 + HCl = 



\ 



CHo.CN 



CH J^ +NH4CI. 

CH2.C0(0H) 



It is a white crystalline acid, melting at 225** ; when heated 
with hydriodic acid it yields nonnal butyric acid. 

AcETOPROPiONic Acid, CgHgOa. — The sodic salt of this 
acid is produced on boiling the product of the action of 
ethylic monochloracetate on ethylic acetosodacetate (p. 257)^ 
with sodic hydrate solution : 

IcS" |co 

CH(CH2CO.OC2H,)+3^"^^=- 
IcO.OCoHs 



3 



CH2 +2C2H5OH 
CH2 H-NaaCOa. 

CO.ONa 



RiciNOLEic Acid, C18H34O3. — The glyceric salt of this 
acid is the essential constituent of castor oil. Ricinoleic 
acid is a yellow inodorous oil ; when cooled below 0°, it 
solidifies to a granular mass. On dry distillation of castor 
oil or sodic ricinoleate, a considerable quantity of an 
heptylic aldehyde (penanthol)^ C7H14O, is obtained, which 
is convertible by the action of nascent hydrogen into 
normal primary heptylic alcohol. On heating sodic ricino- 
leate with an excess of sodic hydrate, secondary octylic 

alcohol and sodic sebate are obtained : 

• 

Ci8H3403 + 2NaHO = CsHiy.OH + C,oHi6Na204 + H2. 



CnH2n_ i(0H)2 OR GLYOXYLIC SERIES OF MONOBASIC ACIDS. 

Two acids of this series are known : glyoxyiic acid, 
C2H4O4, and glyceric acid, C3H6O4. Both are trihydric 
monobasic acids. 
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Glyoxylic Acid (dioxyacetic acid)^ C2H4O4 = 
CH(0H)2C0(0H), is amongst the products of the oxida- 
tion of alcohol and of glycol by nitric acid j it is also 
obtained by the action of nascent hydrogen (evolved by 
zinc and sulphuric acid) on oxalic acid :. CQ(OH)CO(OH) 
+ Ha = CH(OH)aCO(OH) ; and by boihng the silver salt 
of dibromacetic acid with water. 

Glyoxylic acid crystallises in prisms, very soluble in water; 
by boiling its calcic salt with lime water, calcic glycollate 
and oxalate are produced ; ' it dissolves zinc without evo- 
lution of hydrogen, zincic glycollate being formed: 

CH(OH;aCO(OH) + Hj, = CH2(0H)C0(0H) + OHj,. 

Most of the metallic glyoxylates have the composition indi- 
cated by the formula CjHgM'O^ ; thus argentic glyoxylate is 
CjHjAgO^, and calcic glyoxylate is (CaHjOJjCa. But am- 
monic glyoxylate has the composition C2H(NH4)05, and, on this 
account, Debus, the discoverer of the acid, assigns to it the 
formula C2Hj03 = COHCO(OH), and regards the salts of the 
form CjHjM'O^ as salts containing water of crystallisation. 
It appears in the highest degree probable, however, that both 
acids exist ; the relation of the acid COHCO(OH), which 
is appropriately termed gly oxalic acidy to glyoxylic acid, 
CH(0H)2C0(0H), being obviously of the same nature as 
the relation between aldehyde, CH3COH, and aldehyde-hydrate, 
CH5CH(0H)„ of the existence of which latter compound there 
can be little doubt, although it cannot be isolated. 

The ethylic salt of the etheric acid, CH(OC2H5)jCO(OH), 
derived from glyoxylic acid, is produced by heating dichloracetic 
acid with sodic ethylate : 

CHClaCOCOH) + sNaOCjHs = CH(OC2H5)3CO(ONa) + 

H0CaH5 + 2NaCl, 

and digesting the product with ethylic iodide ; 

(CH(OQH.), + CH I = iCH(OC,H,), 
CO(ONa) * ^'"o' lCO(OC,H.) * ^*^- 
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It is a colourless mobile liquid of pleasant fruity odour, which 
"boils at 199° ; by the action of ammonia it is converted into the 
amide CH(OC2H5)2CO(NH2), a white, crystalline compound. 

Glyceric Acid {dioxypropionic cuid)^ C3H6O4 = 
CH2(0H).CH(0H).C0(0H), is obtained by oxidising gly- 
cerin with nitric acid. It is a thick non-crystallising syrup ; 
phosphorus iodide converts it into /3-iodopropionic iodide, 
which on treatment with water yields ^iodopropionic acid,' 
CH2l.CH2CO(OH). 

CnH2n«iC0(0H) OR ACRYLIC SERIES OF MONOBASIC 

ACIDS. 

The acids of this series bear the same relation to the acids 
of the acetic series that the alcohols of the vinylic series 
bear to the alcohols of the ethylic series. The following are 
known : — 

♦ AcryKc acid 2 . . . . C2H3CO(OH) 
*Crotonic acid 



*Methacrylic acid . 
*Angelic acid . \ 

*Methylcrotonic acid ) 
*Pyroterebic acid 
*Ethylcrotonic acid . 
*Hydrosorbic acid . 



CaHsCOCOH) 
C4H7CO(OH) 

C5H9CO(OH) 



* i3-Chloro- and bromo-propionic acid are similarly prepared by the 
action of phosphorus chloride, and bromide. o-Iodopropionic acid, 
CH3.CHI.C0(0H), is obtained by acting on fermentation lactic acid 
with phosphorus iodide and subsequently treating the product with 
water ; o-chloro- and bromo-propionic acid are similarly prepared by 
the action of phosphorus chloride and bromide, and also by the direct 
action of chlorine and bromine on propionic acid. By heating o-bromo- 
propionic acid with bromine it is converted into o-dibromopropionic 
acid, CH3.CBr2.C0(0H). The o-mono-haloid derivatives of propionic 
acid are fluid bodies ; the i8-derivatives are white crystalline compounds. 

^ The acids marked thus * have been artificiall'^ -^xcAn^s:.^ \ ^^^ ^^- 
mainder, of which, with few exceptiotvs, omt VivovAe^^e: "vs^n^^ vssNSi^- 
fecty are obtained from natural products. 



C16H30O2 
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Damaluric acid ? .... C7H12O2 
Damolic acid? .... C13H24O2 

Moringicacid ) . . . C„H„0» 

Cimicic acid ) 

Physetoleic acid' 

Hypogaeic acid 

Gaidic acid 

Oleic acid ) r- ti o 

Elaidicacid [ ' * ' ' ^x^^za^^ 

Doeglicacid .... C19H36O2 

Brassic acid ) n vx ri 

Emcicacid | • • • • t,2,H„0, 

Formation. — i. By oxidation of the aldehydes of the 
acrylic series : 

2CnH2n-iCOH + 02 = 2C,H2„_ ,CO(OH). 

2. By dehydration of certain of the acids of the lactic 
series. Frankland and Duppa have shown that the ethylic 
salts of the secondary acids of the lactic series produced by 
the action of the zinc organo-metallic compounds on 
ethylic oxalate (p. 271), yield the ethylic salts of the corre- 
sponding acids of the acrylic series on distillation with phos- 
phoric anhydride or phosphorus terchloride : 






f^ TT I ^n — zn-r* 

C -,,„'■*' =CJC.H„" +0H,. 

(C0(0C.H.) t '^°<°^'»-> 

The ethylic salt is saponified in the usual manner with 
potassic hydrate, and the acrylic acid set free from the 
potassic salt by the addition of a mineral acid. 

Classification, — ^The known acids of the acrylic series are 
either primary or secondary acids of the following form : 

lco(OH) ' veoipvi^ 

Primary acid. ^>«:oTA^t>i ^^v^. 



Acrylic Acid, 289 

Properties, — The acids of the acrylic series are monobasic 
acids, inasmuch as they furnish metallic salts of the compo- 
sition CnHgn-iCOaM/ (CnH2n_iC02)2M,'' &c., and corre- 
sponding ethereal salts. They combine with the haloid 
acids and halogens to form haloid substitution-derivatives 
of the acids of the acetic series. Most characteristic of 
these acids, however, is the fact that on fusion with potassic 
hydrate they furnish the potassic salts of two acids of the 
acetic series ; thus : 

C3H4O2 + 2KHO = C2H3O2K + CHO2K -f H2. 

Acrylic acid. Potassic acetate. Potassic formate. 

C4H6O2 + 2KHO = 2C2H3O2K + H2. 

Crotonic acid. Potassic acetate. 

This decomposition is effected in a perfectly definite and 
regular manner, and appears always to consist in the removal 
of the CnHjn group, and its replacement by Hg, the CnH2n 
group being separately oxidised to the corresponding acid of 
the acetic series. Thus the primary acids always furnish 
potassic acetate as one of the products :* 

fS^^ff +^^^0={c5(bK) +C„H,„_,KO,+H,j 

whereas the secondary acids appear to yield the potassic 
salt of a primary acid of the acetic series homologous with 
acetic acid as constant product : 

(C(CnH2n + l)(CnH2ny' , 2KHO = 

lCO(OH) ^ ^^^ 

CO((Sir'^^' + C„H2.^,K02 + H2. 

Acrylic Acid, C3H4O2 = CH(CH2)''C0(0H).— This 
acid is the first term of the series. It is obtained i. by 
oxidation of acrolein with moist argentic oxide ; 2. by the 

1 The acids of the acrylic series derived from natural ^x^^^?xO«» \sn-- 
variably yield potassic acetate as otve oi \>[vfc ^xo^Aa^KX^. 

\3 
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action of nascent hydrogen on /3-dibromopropionic acid 
(produced by oxidising dibromopropylic alcohol, the pro- 
duct of the union of allylic alcohol and bromine, by nitric 
acid) : 

CH2Br.CHBr.C0(0H) + Ha = 

CH(CH2y'C0(0H) + 2HBr ; 

3. by distilling /3-iodopropionic acid with plumbic oxide : 

2C3HJO2 + PbO = 2C3H4O2 + Pbl2.+ OH2. 

Acrylic acid is a colourless liquid, possessing a penetrat- 
ing, slightly empyreumatic odour ; it is said that it becomes 
crystalline when cooled to below 7°. It boils at about 
140^' With the exception of the silver salt, all the metallic 
salts of acrylic acid are very soluble in water. Various 
ethereal salts of acrylic acid are known, obtained not from 
the acid itself, but by the action of nascent hydrogen on the 
ethereal salts of /3-dibromopropionic acid. By the action 
of sodium amalgam on an aqueous solution of acrylic acid, 
propionic acid is produced; but the hydrogen evolved by 
the action of acids on zinc is not able to effect the conver- 
sion of acrylic into propionic acid. 

CROTONicAciD,CH(CH.CH3y'CO(OH).— This name was 
originally assigned to an acid, said to have the composition 
C4H6O2, obtained from croton oil, but recent experiments 
tend to throw doubt on the existence of such an acid 
in that drug. Crotonic acid is obtained i. on oxida- 
tion of crotonic aldehyde by moist argentic oxide ; 2. on 

* It is noteworthy that the boiling-points of allylic alcohol, acrylic 
acid, and the ethereal salts of acrylic acid are identical, or nearly so, 
with the boiling-points of the isologous bodies propylic alcohol, pro- 
pionic acid, &c. Thus, allylic and propylic alcohols boil at about 
96^ ; acrylic and propionic acids at about 140*^; ethylic acrylate and 

propionate at about 101^ *, aiv^ aVVjVvi ^cr^NaXa ^^^d ^to^jylic propionate 

at about 124°. 
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dry distillation of /5-oxybutyric acid (p. 257) ; and 3. as 
potassic salt from allylic alcohol by the following series of 
reactions : 

C3H5.OH + HI = C3H5I + OH2 ; 
C3H5I + KCN = C3H5CN + KI ; 
C3H5CN + OH2 + KHO = C3H,C0(0K) + NH3. 

It is a white crystalline substance, which melts at 72°, and 
boils at 181°; on fusion with potassic hydrate it yields 
potassic acetate and hydrogen. 

On account of the production of crotonic acid from allylic 
alcohol, which is generally admitted to be correctly represented 
by the formula CH(CH2)'".CH2(OH), it has been usual to 
assign to it the formula CH(CH2)".CH3CO(OH) ; but Kekuldhas 
pointed out that a simple explanation of the formation of cro- 
tonic acid from acetaldehyde (p. 227), and of its behaviour on 
oxidation, is alone afforded by the assumption of the formula 
CH(CH.CH3)''C0(0H), and he has succeeded apparently in 
proving the correctness of his view. A compound represented 
by the formula C H (C H2)''CH3R'', Kekuld considers, cannot furnish 
acetic acid on oxidation, and as a matter of fact it is found that 
neither allylic alcohol nor allylic iodide yield that acid on oxida- 
tion ; the allylic cyanide obtained from the latter by double de- 
composition with potassic cyanide, however, at once furnishes 
acetic acid on oxidation, hence the conclusion that during the 
formation of this body a change occurs of such a nature that 
instead of a compound of the form CH(CH2)''CH2(CN) being 
produced, an isomeric compound of the form CH(CH.CH3)'''(CN) 
results, which gives rise to the acid CH(CH.CH3)C0(0H). 

. Methacrylic Acid, C(CH3)(CH2)''C0(0H), the iso- 
meride of crotonic acid, is obtained (as ethylic salt) on distil- 
ling ethylic dimethoxalate with phosphorus terchloride : 

(C(CH3)2(OH) pp, _ |C(CH3)(CH,) 
3|C0(0C2H5) ^ ^^ "^ICOCOCjHs) 
+ 3HCI + PH3O3. 
u a 
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Methacrylic acid is a colourless oily liqmd j on fusion with 
potassic hydrate it yields potassic propionate, potassic for- 
mate, and hydrogen. 

Oleic Acid, Ci8H3402=CH(C,6H32)"CO(OH), is pre« 
sent as glyceric oleate (plein\ 03X15(018113302)3, in most 
natural fats and fixed non-drying oils.^ 

To obtain the pure acid, olive or almond oil is saponified with 
potassic hydrate, the resulting soap is decomposed by tartaric 
acid, the mixture of oleic and stearic acids thus obtained is con- 
verted into plumbic salts by digestion with plumbic oxide, and 
the mixed salts are shaken up with ether, which extracts the 
oleate, leaving the stearate undissolved ; the oleic acid is then 
liberated by the addition of hydrochloric acid, the ethereal 
solution is decanted from the watery liquid, the ether dis- 
tilled off, and the crude acid which remains converted into baric 
salt, which is recrystallised from alcohol, then decomposed 
by tartaric acid, and the separated acid recrystallised from 
alcohol until of constant melting-point 

Oleic acid crystallises in white needles, which melt at 
14°; it is insoluble in water. In the solid state it slowly 
absorbs oxygen, but in the liquid state it is rapidly oxidised 
on exposure to the air. On fusion with potassic hydrate it 
yields potassic acetate and potassic palmitate : 

* The natural fixed oils are divided into non-drying and drying oils. 
When exposed to the air the latter thicken, owing to the absorption of 
oxygen ; the former are also gradually altered, though in a different 
manner. The non-drying oils contain glyceric oleate, or glyceric salts 
of acids homologous with oleic acid. Owing to partial decomposition of 
these salts, induced apparently by associated foreign matters which act 
as ferments, the oils become rancid on keeping ; by washing with a 
weak alkaline solution they may be freed from the products of decom* 
position and restored to their original state ; but this is not the case 
with the drying oils, which contain glyceric salts of acMs of some 
other series than the oleic. Thus linseed, poppy, and hemp oil contain 
the glyceric salt of an acid termed linoleic acid, which is said to have 
the composition CieHa^O^. 
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C,8H3402 + 2KHO = C2H3KO2 + CieHaiKOa + H,. 

When nitric peroxide is passed into liquid oleic acid, it is 
rapidly converted into a solid isomeric compound, eldidic 
acid. Elaidic acid is a crystalline body which melts at 
about 44^ It is a far more stable body than oleic acid : 
thus it may be distilled unchanged, whereas oleic acid is 
decomposed on distillation, and even in the liquid state it 
only slowly absorbs oxygen. On fusion with potassic hydrate, 
elaidic acid furnishes the same products as oleic acid. 

Brassic Acid^ C22H42O2, is obtained from colza oil (the 
oil expressed from the seeds of various species of Brassicd) 
in the same way that oleic acid is obtained from olive oil. 

CnH2n_3CO(OH) OR SORBIC SERIES OF MONOBASIQ ACIDS. 

The following are known : 

Tetroleic acid . . C3H3CO(OH) fuses at 76'' 
Sorbic acid . . C5H7CO(OH) ,y 134° 
Stearolic acid . . Ci7H3iCO(OH) „ 48° 

Tetroleic Acid is produced by the action of an alco- 
holic solution of potassic hydrate on chlorocrotonic acid, 
C3H4C1C0(0H). 

Sorbic Acid is a crystalline acid, present in mountain-ash 
berries. Nascent hydrogen (evolved by sodium amalgam 
and water) converts it into the corresponding acid of the 
acrylic series, hydrosorbic acid, C5H9CO(OH); it unites 
with bromine to form the compound C6H8Br404. 

Stearolic Add is obtained by heating bromoleic acid with 
an alcoholic solution of potassic hydrate. It is not affected 
by nascent hydrogen, but combines with bromine in two 
proportions to form the compoimds CigH32Br202, and 
CigH32Br402. On fusion with potassic hydrate it is con- 
verted into the potassic salt of an acid of the cQTO7;^<^*y4k!^ 
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CjcHaoOj, which, by the continued action of potassic 
liydrate, is converted into the potassic salt of myristic acid, 
C14H28O2 — one of the higher homologues of acetic acid. 

CnH2n_7CO(OH) OR BENZOIC SERIES OF MONOBASIC ACIDS. 

This series* comprises terms of the following composi- 
tion : 

CyHfiOa = CfiHsCOCOH) 

CgHgOa = CyHyCOCOH) 

C^HioOa = C8H9CO(OH) 

CioHiaOa = C9HnC0(0H) 

CuHuOa = C,oH,3CO(OH). 

Each of these, however, excepting the first, includes a 
number of isomeric and metameric modifications. 

Formation, — i. By oxidation of the hydrocarbons of the 
CnH2„_6 series (p. 116). 

2. By oxidation of the alcohols of the benzylic series. 

3. By oxidation of the aldehydes of the benzoic series. 

4. As sodic salts by the simultaneous action of sodium 
and carbonic anhydride on the monobromo-derivatives* of 
the hydrocarbons of the CnH2n-6 series : 

C„H,>„_7Br + CO2 + Na2 = C„H2n_7CO(ONa) + NaBr. 

5. As ethylic salts by the action of sodium amalgam on a 
mixture of a monobromo-derivative ^ of a hydrocarbon of 
the C„H2n_6 series, and ethylic chlorocarbonate : 

CnH2n_7Br + COCl(OC2H5) + Naa 

= QH2n_7CO(OC2H5) + NaBr + NaCl. 

6. By distilling a mixture of potassic cyanide and the 

^ It is also frequently termed the aromatic series. 
2 Hitherto the bromo-derivatives produced by the action of bromine 
on the cold hydrocarbons have alone been employed. 
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pot'assic salt of a monosulphonic acid produced by the 
action of sulphuric acid on a hydrocarbon of the CnH2n_6 
series, and decomposing the resulting cvanide by potassic 
hydrate solution : 

CnH2„_7(S03K) + KCN = C,H2„_vCN + K2SO3 ; 
C,H2„_vCN + 2OH2 = C„H2,.7CO(OH) + NH3. 

7. By fusing a mixture of sodic formate and the potassic 
salt of a monosulphonic acid, derived from a hydrocarbon 
of the CnH2n_6 series : 

CnH2n_7(S03K) + HCO(ONa) = 

CnH2n-7CO(ONa) + HKSO3. 

8. By heating a mixture of the calcic salt of a dibasic 
acid of the phthalic or CnH2n_8(CO.OH)2 series, and an 
equivalent quantity of calcic hydrate at 300^-400° for 
several hours : 

2CnH2n-8|^S'lCa + Ca(0H)2 = 



CO 



2 J 



(C„H2„_7C02)2Ca + 2CaC03. 



9. From the monochloro- or monobromo-derivatives of 
the hydrocarbons of the CnHgn-e series, produced by the 
action of chlorine or bromine on the heated hydrocarbons : 

CnH2n_7Cl + KCN = C^Hsn.yCN + KCl ; 

CnH2n_7CN -f 2OH2 = C„H2„_7CO(OH) + NH3. 

10. From the alcohols of the benzylic series, thus : 

CnH2,_7(OH) + HCl = CnH2n_7Cl + OHg ; 
CaH2n_7Cl + KCN = C„H2n_7CN + KCl; 

CnH2n_7CN + 2OH2 = C^Han _7C0(0H) + NH3. 

By the aid of these various reactions the following acids 
of the benzoic series have been produced : — 
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1 

C,H<,0, 


Benzoic acid 


CeH^COCOH) 


M.-P. 



121° 

1 


CgHgO, 


Paratoluic acid * 
Metatoluic acid ' 
Orthotoluic acid ' 
Alphatoluic acid * 


CeH,(CH3)C0(0H) 
C,H5CH,C0(0H) 


1 

176° 
IO9-IIO 
102 
76 


CoHj^Oa 

1 


Mesitylenic acid * 
Paraxylic acid * 
Xylic acid ^ 
Ethylbenzoic acid^ 
Hydrocinnamic 
acid • > 

Alphaxylic acid ^° 


CeH,(CH,),CO(OH) 

QH,(C,h")CO(OH) 
CeHjCHjCH,C0(OH) 

^«"<tCH2C0(0H) 


166° 

163 j 

120 i 

IIO-III , 

47 , 
42 


C10H12O3 


Cumylic acid " 
Cumic acid *' 


CeH2(CH3)3CO(OH) 
CeH,(C3H,)C0(0H) 


149-150 
92 


C11H14O3 


Homocumic acid" 


^«^<|ck2C0(0H) 


52- 



1 Obtained by oxidation of paraxylene ; yields terephthalic acid on oxi- 
dation. * Prepared by method 8 from uvitic acid, CeH3(CH3(CO. OH)^, 
and by the action of nascent hydrogen on the bromotoluic acid formed 
by oxidising monobromometaxylene ; yields isophthalic acid on oxida- 
tion. ' The mixture of toluenepara- and tolueneortho- sulphonic acid, 
obtained on treating toluene with concentrated sulphuric acid, yields 
by method 6 a mixture of para- and ortho-toluic acid, which may be 
separated by fractional crystallisation of the calcic salts ; orthotoluic acid 
yields phthalic acid on oxidation. * Prepared from toluene by method 
9, and from benzylic alcohol by method 10 ; yields benzoic acid on 
oxidation. * Obtained by oxidation of mesitylene, 0^1^3(0113)3; 
yields mesidic (uvitic) acid, 08H3(CHs)(CO.OH)2, and mesitic acid, 
06H8(CO.OH)3, on oxidation. « Obtained together with xylic acid ^ 
on oxidation of pseudocumene, CgHjCCH,),; both paraxylic and 
xyliQ acid yield xylldic acVd, e;A^'^CYl^^S10.0^^., cs^ c^^ldation. 



Acids of the Benzoic Series. 2C)Y 

Properties. — When acted upon by various reagents, the 
acids of the benzoic series, as a rule, furnish substitution- 
derivatives, and yield additive compounds only in a certain 
very limited number of cases ; they thus resemble the acids 
of the acetic series, and differ from the acids of intermediate 
series in somewhat the same way that the hydrocarbons of 
the benzene series resemble the paraffins and differ from the 
hydrocarbons of intermediate series. By the action of the 
halogens, nitric acid, &c., on the acids of the benzoic series, 
a multitude of well-characterised crystalline substitution-deri- 
vatives are obtained, among which occur numerous instances 
of isomerism. 

Behaviour on Oxidation. — The acids tabulated above be- 
long to two metameric series, the relation between which 
is of the same nature as that which obtains between the 
phenols and the alcohols of the benzylic series, as will be 
evident on inspection of the following general formulae : 

C W j(^nH2n+l)m . p XT J(CnH2n + l)in 

Phenol. Alcohol of Benzylic series. 

^6"5-m| co.OH ' '-«"5-"t C„H2„(C0.0H)- 

The acids of the series CgHg.^j^^^?!'*'^"" are ulti- 

mately converted, on oxidation, either into acids of higher 
basicity of the form C6H5.m(CO.OH)m+ 1, i.e. into acids con- 
taining the same number.of units of carbon; or are entirely de- 

8 Prepared by oxidising diethylbenzene with nitric acid ; yields tere- 
phthalic acid on oxidation. • Produced by the union of cinnamic acid 
and hydrogen ; yields benzoic acid on oxidation. '" Prepared by method 9 
from the monochloroxylene formed by the action of chlorine on boiling 
xylene; yields benzoic acid on oxidation. " Produced by oxidation of 
tetramethylbenzene (durene). " Prepared by oxidation of ctimlc ^Vift-Vcsi^^ 
from Roman cumin-oil. " Ptepaxed\xv m^'Cao^\o\xavsL t^as^^s:. -^^^5^^, 
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composed. The acids of the series* CeHj.^l^^'^^^n+ik 

cither yield acids of the form C6H5_TO(CO.OH)m+ 1, the 
CnH2n(C0.0H) group being oxidised to CO.OH; or they 
are entirely decomposed.^ 

Benzoic Acid, CyHgOa = CeH5C0(0H), is present in 
various gums and balsams, and is especially abundant in 
gum benzoin, the dried exudation from the bark of Styrax 
benzoin — a tree growing in Sumatra, Java, and Borneo. It 
may be produced by all of the general methods of formation 
(p. 294) ; also by oxidation of a mixture of benzene and 
formic acid (p. 115), and by boiling hippuric acid {henz- 
amidoacdic acid) with hydrochloric acid : 

|CHs(NH.C0C6H,) .OH - (CH,(NH,) jCeH, 
ICO.OH * ICO.OH ■*" tcO.OH' 

Hippuric acid. Amidoacetic acid. Benzoic acid. 

Benzoic acid may be obtained by sublimation in beautiful 
feathery crystals ; when prepared from gum-benzoin it has 
a fragrant odour, due to the presence of traces of a volatile 
oil ; the pure acid is inodorous when cold. Benzoic acid 
melts at 121°, and boils at about 239® \ it dissolves readily 
in alcohol and in boiling water, but difficultly in cold water. 
Wien acted upon by very concentrated nitric acid, or a 
mixture of potassic nitrate and sulphuric acid, it is con- 
verted into a mixture of para-, meta-^ and ortho-nitrobenzoic 
acid, C6H4(N02)CO(OH); the first ofthese isomeric acids is 
the main product. One of these acids, i.e. paranitrobenzoic 
acid,^ is produced by oxidising crystalline nitrotoluene (p. 125). 

^ Alphatoluic, hydrocinnamic, alphaxylic, and homocumic acids are 

members of the series CcHg^ni { c'^H^^IcO OH) ' ^^ remaining acids 
included in the table (p. 296) are members of the metameric series. 

* Probably in those cases in which the acid is entirely decomposed, 
the corresponding acid of the C6H5_n»(CO.OH)m+i series is first formed, 
hvLt at once further oxidised (^see Phthalic Acid^ p. 319). 

* Th^ isomeric di-der\val\ves oi \itivxe.\vfc ^xe. 0«5s&^\sL^\^^^g^,^^^^ 
SiCCQTdmg as they are either detvved Itom, w ^x^ tQio.M^x>S^'^ \tv\.^^ ^x 
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Orthonitrobenzoic acid melts at 145°; metanitrobenzoic acid 
at 140° ; paranitrobenzoic acid at about 240°. Each of these 
acids yields on reduction the corresponding amidobenzoic acid, 
C6H4(NH2)CO(OH). These amidobenzoic acids not only 
form metallic salts in the ordinary manner, but are also capa- 
ble of combining with the mineral acids to form salts, such 
as amidobenzoic nitrate, C6H4(NH2.HN03)CO(OH), &c. 
This behaviour is characteristic of the amido-acids generally. 
Bromine has no action on benzoic acid in the cold, 
but when heated together they form metabromobenzoic acid^ 
C6H4BrCO(OH); by prolonged heating with bromine and 
water, benzoic acid is finally converted mto pentabromobenzoic 
acidy C6Br5CO(OH). On distillation with phosphorus penta- 
chloride, benzoic acid yitldiS benzoic chloride (btnzoyl chloride), 
CeHjCOCl, as a mobile colourless liquid boiling at 196°, 
which is slowly decomposed by cold water, and reconverted 
into benzoic acid. By the action of nascent hydrogen (evolved 
by sodium amalgam) benzoic acid is converted into hydro- 
benzoic acidy C6H9CO(OH), a crystalline, highly unstable acid, 
which is gradually reconverted by oxidation into benzoic acid 
when recrystallised in contact with atmospheric oxygen. 

CnH2n_8(OH)CO(OH) OR OXYBENZOIC (SALICYLIC) SERIES 

OF MONOBASIC ACIDS. 

The acids of this series are dihydric monobasic acids, and 
bear the same relation to the corresponding acids of the 

may be more or less directly referred to, either of the three isomeric 
benzene -dicarboxy lie acids: phthalic acid, isophthalk acid, and tere- 
phthalic acid; those which are referable to terephthalic acid being 
termed /ara-derivatives, those referable to isophthalic acid meta- 
derivatives, and those referable to phthalic acid ^r^^^-derivatives. 
The members of these three series are distinguished by differences in 
crystalline form, melting-point, solubility, &c. The student will find 
a detailed account of the views which the majority of chemists at 
present entertain with regard to these isomeric compounds in the 
articles : Aromatic Series ; Benzene, HoixvoVci^<t^ c5l% '^xaxK^ tvo&.\xsv 
the Supplements to Watts's 'Diclionai^oiCVeiKvsNx^' V^^^^^'l>^^^:^ 
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benzoic series that the acids of the lactic series bear to the 
acids of the acetic series. The following are known : — 



Orthoxybenzoic (salicylic) acid 
Metoxy benzoic (oxybenzoic) acid 
Paroxybenzoic acid . . . 



CeH^(OH)CO(OH> 



C ' 

1. 



{CH 

Ox)'methylbenzoic acid . . ^6H4 1co/T)h/ 

Mandelic (phenylglycollic) acid . CH(OH)|^«^* 

Phloretic acid (?) . . . ,\ 

Hydrocoumaric (melilotic) acid(?) \ ^^^xi^ . corOH^ 

Hydroparacoumaric acid . .] ^cu^^un; 

(C H 



CO(OH) 



£.|i Hydrocoumaric (melilotic) acid(?) \ C^H, | ^J^^^S^ 



Thymotic acid .... CgH2(0H) 



CO(OH) 



In general behaviour the acids of the salicylic series 
closely resemble the acids of the lactic series, but are more 
stable compounds. By the action of acetic chloride they 
are converted into monaceto-derivatives of the form 
CnH2n_8(O.C2H30)CO(OH); etheric acids of the form 
^nH2n_8(C>CnH2n+i)CO(OH) may be obtained from them 
by methods precisely similar to those employed in the pre- 
paration of the etheric acids of the lactic series (p. 273). 

Salicylic^ oxybenzoic, and paroxybenzoic acids are produced 
by oxidation of the isomeric cresols by fusion with potassic 
hydrate (p. 170); by fusion of the isomeric (ortho-, meta-, 
and para-) mono-haloid derivatives of benzoic acid with 
potassic hydrate — thus metabromobenzoic acid yields 
potassic metoxybenzoate : 

(CO.OH ^ VeO.O^ ^ ^ ^ -V vjtL^, 
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and by the action of nitrous acid on heated aqueous solu- 
tions of the three isomeric amidobenzoic acids ^ : 

|CeH.(NH,) ^ ^ |^eH.(OH) + n, + OH, 



ICO.OH 



ICO.OH 



Salicylic acid is also obtained by the action of carbonic 
anhydride on sodium phenol: 

2C6H5.0Na + CO2 = C6H4(ONa)CO(ONa) + CeHs.OH; 

by oxidation of saligenin and salicylic aldehyde; and by 
saponification of oil of wintergreen (methylic salicylate, 
p. 151) by potassic hydrate. Paroxy benzoic acid is best 
prepared by fusing anisic acid with potassic hydrate : 

' In the case of the monamido-derivatives of the acids of the acetic 
series, which are similarly converted into the corresponding acids of the 
lactic series by the action of nitrous acid (p. 270), it is not possible to 
isolate any intermediate product; but in the case of the monamido-acids 
derived from the benzoic series and isologous series containing propor- 
tionately less hydrogen, the immediate product may usually be isolated. 
For example, by the action of nitrous acid on a ^t?/<£/ aqueous or alcoholic 
solution of amidobenzoic acid to which nitric acid has been added, 
diazobenzoic nitrate is produced: 

*CO(OH) + ™"» icO(OH) +*""=• 

Similarly a solution of amidobenzoic acid yields diazobenzoic amido- 
benzoate. These diazo-salts are readily decomposed on warming with 
water : nitrogen is evolved, and the corresponding oxy-acid produced : 

C6H4(N2.N03)C0(0H) + OH2 = C6H4(0H)C0(0H) + HNO3 + N^. 

The action of nitrous acid appears always to take place in the manner 
thus indicated: the acid salt of the amido-acid being first converted, 
by the removal of three units of hydrogen, which are replaced by one 
unit of nitrogen, mto the corresponding diazo-salt, which by the subse- 
quent action of water is converted into the corresponding oxy-acid ; in 
many cases, however, the diazo-salt produced is so unstable a.Tjxjax^\\SJj^ 
that it is at once resolved on ioTma\.\oiv\s^ ^"t ^R.M\a^ cR. ^-ais^ >s!^.^ "^ic^. 
oxy-acid. (Compare Amiius^ Action of l^rous AcU on^^. 'b'^^ 
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A number of resins (benzoin, acaroid resin, &c.) also furnish 
this acid when fused with potassic hydrate. 

They are crj'stalline bodies : salicylic acid melts at 157** ; 
oxybenzoic acid at 199** ; and paroxybenzoic acid at 210°. 
The aqueous solution of salicylic acid is coloured violet on 
the addition of ferric chloride, which is not the case with 
solutions of the isomeric acids. On heating alone, or with 
water, each of these acids is resolved into phenol and car- 
bonic anhydride : salicylic acid being decomposed at 220°- 
230°, paroxybenzoic acid at 2oo°-2io ; but oxybenzoic acid* 
only at a much higher temperature. On distillation with 
PCI5 salicylic acid is converted into chlorobetizoic chloride^ 
C6H4CICOCI, which when decomposed by water yields 
orthochlorobenzoic acid isomeric with metachlorobenzoic 
acid obtained by chlorinating benzoic acid, and with para- 
chlorobenzoic acid formed by oxidising chlorotoluene. 

The isomeric cresotic acids are obtained by the simultaneous 
action of sodium and carbonic anhydride on the isomeric cresols. 
Oxymethylbensoic acid is prepared by acting on paratoluic acid 
at 160^-170° with bromine, and heating the resulting bromotoluic 
acid, CeH^(CH2Br)C0(0H), with water and alkali. Mandelic 
acid (see p. 234). Phloretic acid is produced together with 
phloroglucin on fusing phloretin with potassic hydrate, phloretin 
being obtained by heating phloridzin — a glucoside contained in 
the root-bark of the pear, apple, plum, and cherry tree — with dilute 
acids : C21H24O10 + OH2 = Q^^^O^ + C15H14O5. Hydrocoumaric 
acid is formed by the action of nascent hydrogen on coumaric 
acid, hydroparacoumaHc being similarly prepared from para- 
coumaric acid — an acid obtained from aloes; the former acid 
yields salicylic acid on fusion with potassic hydrate, the latter 
paraoxybenzoic acid. Phenyllactic acid is» produced by com- 
bining cinnamic acid with hypochlorous acid and acting upon 
the resulting compound C^HgClOj with nascent hydrogen. 
Thymotic acid is prepared by the simultaneous action of sodium 
and carbonic anhydride on thymol (methylpropylphenol). 

' Oxybenzoic acid distils m gccat "i^axt Mticlianged when strongly 
heated, but is in part coTCveTcVedi mVo antHvajlaruone, ^^^^^^ 
sCjHeOa—zOK^, an isomeii^e oi 9lY\xm?«v. 
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CixH2n_9(OH)2CO(OH) OR DIOXYBENZOIC SERIES OF 

MONOBASIC ACIDS. 

A number of isomeric modifications of the first term of the 
series — dioxybenzoic acid, C6H3(OH)2CO(OH) — have been 
described, but higher terms have not hitherto been investi- 
gated. The best known are the following ; — 

Frotocatechuic acid {carbohydroquinonic add), produced 
by fusing kino, catechin, and a number of other resins with 
potassic hydrate ; also on similar treatment of the mono- 
sulphonic acids derived from oxybenzoic and paroxybenzoic 
acid; and on oxidation of quinic acid.^ 

Oxysalicylic acid^ obtained by heating moniodosalicylic 
acid with potassic hydrate. 

Dioxybmzoic acid, prepared by fusing the disulphobenzoic 
acid, C6H3(S03H)2CO(OH), obtained on heating benzoic 
acid with concentrated sulphuric acid and phosphoric anhy- 
dride at 230°, with potassic hydrate. 

These acids are crystalline bodies. On dry distillation 
protocatechuic acid is resolved into carbonic anhydride and 
pyrocatechin, C6H4(OH)2 ; oxysalicylic acid, it is stated, 
yields a mixture of pyrocatechin and hydroquinone ; dioxy- 
benzoic acid yields anthrachrysone (tetraoxyanthraquino7ie) : 

2C7H6O4 = CnHsOe + 2OH2. 

CnH2n_io(OH)3CO(OH) OR GALLIC SERIES OF MONO- 
basic acids. 

Gallic or Trioxybenzoic Acid, C6H2(0H)3C0(0H), 
has been produced by the action of potassic hydrate on an 
aqueous solution of diiodosalicylic acid ; it exists as such 
in small quantities in many plants, but is most readily ob- 
tained from Turkish gall-nuts (infra), 

Gallic acid crystallises from water in white needles, of the 

^ Quinic acid, C7HX2O6, is a crystallme 3lc\^ cov^-aOTisA. va. ^2isns^<5kv^ 
hark, coffee beans, and a number oi olYiet Ne^<t\aXA& ?.\i5a5»\a5is:.^s». 
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composition C7He05,OH2 ; its aqueous solution has a 
slightly acid astringent taste, and is coloured deep blue by 
ferric salts, but does not precipitate gelatin. Gallic add 
is very readily oxidised, and rapidly reduces gold and silver 
salts to the metallic state. On heating to 210*^ it is resolved 
into carbonic anhydride and pyrogallol (pyrcgallic add)^ 
C,jH3(OH)3. Acetic chloride converts it into triacetogallk 
iiciii, CgH2(OC2H30)3CO(OH). On boiling an aqueous 
solution of gallic acid to which a small quantity of arsenic 
acid has been added, tannic acid is produced, the arsenic 
acid remaining unaltered; tannic acid appears to be an 
ctheric anhydride of gallic acid, thus : 

^ CO.OH 



^''''"^l(0H)3 CsH^i 



f CO.OH 
(0H)2 

CO I 

U0H)3 ^^-^l(OH)3 



- OH2 = 
P ^ I CO.OH P „ j 

^^•"^l(0H)3 ^'^'^ 

Gallic acid. Tannic acid. 

By heating with acetic anhydride tannic acid is converted 
into pmtacctotannic acid \ when boiled with concentrated 
hydrochloric acid it is reconverted into gallic acid. By 
heating gallic acid with concentrated sulphuric acid at 100°, 
so-called rufigallic acidy C^HgOg = 2C7H6O5 — 2OH2, is 
produced ; rufigallic acid has powerful dyeing properties, 
yielding with iron and alumina mordants colours similar to 
those furnished by alizarin, to which indeed it appears to be 
closely related, as it also yields anthracene when passed over 
heated zinc dust. 

Tannic Acids or Tannins. 

This name is applied to a class of substances very widely 
distributed throughout the vegetable kingdom, which are mostly 
amorphous, have a slight acid reaction, and are characterised 
by their astringent taste, by yielding a black-blue or green pre- 
cipitate or colouration mXh. feme ^^ks^ by precipitating gelatin 
and albumin from tladt soVoXaotv^, ^tAXsvj >\t:\S:\tv'^-«\>ocv r^xs^^ 
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membrane to form a mass capable of resisting putrefaction (the 
membrane is tanned, as it is termed, and converted into leather). 
At present, however, our knowledge of the composition of these 
substances is extremely limited. Most of them appear to be 
glucosides, i.e., they yield a glucose and another substance on 
boiling with dilute acids. Those which turn ferric salts black- 
blue usually yield pyrogallol amongst other products on dry 
distillation, whereas those which turn ferric salts green furnish 
pyrocatechin. 

Gallotannic Acid or Tannin , the best known of these com- 
pounds, exists in the gall-nuts of Quercns infectoria and other 
species of oak, in the conmion oak-apple, and in sumach, &c. 
It is especially abundant in Aleppo galls, from which it may be 
extracted in the following manner: — A quantity of the finely 
pulverised gall-nuts is placed in a long narrow glass vessel, pro- 
vided at the lower end with a plug of cotton-wool, and ordinary 
ether (containing water and alcohol) poured in. The liquid 
percolates through the mass and is received in a bottle, in which 
it separates into two layers. The lower of these is almost colour- 
less, and consists of an aqueous solution of nearly pure tannin; 
it is separated from the upper, repeatedly washed with ethei, 
and then placed to evaporate over sulphuric acid in vacuo. 
Tannin thus obtained forms a yellowish, friable, non-crystalline 
mass, soluble in water, less soluble in alcohol, and very slightly 
soluble in ether. It exhibits an acid reaction, and has a pure 
astringent taste; with ferric salts it yields a blue-black preci- 
pitate, which is the basis of writing ink. On boiling with dilute 
acids it yields gallic acid and glucose, being first resolved, it 
would seem, into glucose and tannic acid, the latter of which is 
then converted into gallic acid. The same change occurs when 
powdered galls are mixed with water to a thin paste and ex- 
posed to the air in a warm place for two to three months, water 
being added from time to time to replace that lost by evapo- 
ration ; and in addition the sugar undergoes alcoholic fermen- 
tation. Strecker was led by his analyses to assign the formula 
CoyHgaO^Y to tannin, and regarded it as a glucoside of gallic 
acid ; but recent experiments show that it more probably has 
the composition Q^^fi,i,^^2Q^^^J^^-{-C^yf^^^7.Qi]^^^^Xidi 
that it is a glucoside of tannic acid. 
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C„H2n_9CO(OH) OR CINNAMIC SERIES OF MONOBASIC 

ACIDS. 

The same relations exist between the acids of this and the 
benzoic series as between the acids of the acrylic and acetic 
series. 

Three crjstalline acids of the composition CgH7CO(0H) 
are knowi : Cinnamic acid, which exists ready formed in 
Peru and Tolu balsam, and may also be obtained by oxida- 
tion of cinnamon-oil (cinnamic aldehyde), and by the action 
of sodium and carbonic anhydride on bromocinnamene, 
CgH7Br;^ and a/rofiicand isotropic acid, which are obtained, 
together with a basic compoimd termed tropiney on boiling 
atropine (the alkaloid of Atropa belladonna) with baric 
hydrate solution. 

Cinnamic acid melts at 133° ; atropicacid at 106°; isatropic 
acid at about 200°. By nascent hydrogen cinnamic add is 
converted into hydrocinnamic acid, C9H10O2 ; atropic add 
into an acid isomeric with the latter. On fusion with 
potassic hydrate, cinnamic acid yields potassic benzoate and 
acetate : 

]^.^1?5'^''"*^"+ 2KHO= \^^\^r +1S^* +H 



ICO.OH 



CO.OK'^lCO.OK'^ *' 



whereas atropic acid yields a mixture of potassic formate and 
the potassic salt of alphatoluic acid : 

jCCeH^CH,)"^ 'KHO= |CH^AH.^HCOOK + H. 

' Cinnamic acid is also produced by a remarkable reaction, by heating 
benzoic aldehyde with acetic chloride containing hydrochloric acid. 
The following interpretation of the reaction may be given : 

CqHsCOH + HCl = C6H5CH(0H)C1 ; 

C6HsCH(0H)Cl + CH3COCI = (C6H5CH)CH. COCl + OHj, + HCl \ 

(C6H5CH)CH.C0C1 + OHa = (C6H5CH)CH.C0(0H) + HCl. 

Phenylangelic acid, CnHigOa, homologous with cinnamic acid, has 
been similarly produced by \i^^Wx^ \i^Ta<Svi ^^^^4s. vrlth. butyric 
chloride. 
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CaH2n.llC0(0H) SERIES OF MONOBASIC ACIDS. 

Phenylpropiolic Acid, C6H5C2CO(OH), the sole repre- 
sentative of this series, obtained either by heating a-bromo- 
cinnamic acid with potassic hydrate, or by the union of car- 
bonic anhydride and the sodium derivative of acetenyl- 
benzene (p. 128), is a crystalline acid melting at 136°. 
Nascent hydrogen converts it into hydrocinnamic acid. 

CaH2n-i3CO(OH) OR NAPHTOIC SERIES OF MONOBASIC 

ACIDS. 

Two isomeric acids of this series, a- and (^-naphtoic acidy 
CioH7CO{OH), are known. These are prepared by dis- 
tilling the potassic salts of a- and /3-naphthalenesulphonic 
acid (p. T31) with potassic cyanide, and decomposing the 
resulting cyanides in the usual manner. a-Naphtoic acid 
melts at 160® ; /3-naphtoic acid at 182®. In chemical beha- 
viour these acids resemble benzoic acid most closely. 

By the simultaneous action of sodium and carbonic anhy- 
dride on a- and /3-naphtol (p. 172), two isomeric oxynaph- 
toic acids, CioH6{OH)CO(OH), are produced. 

CnH2n_i9CO(OH) SERIES OF MONOBASIC ACIDS. 

A single acid of the series, anthracefiecarboxylic acid, 
Ci4H9CO(OH), has been obtained by heating anthracene 
with carbonic oxychloride at 200°, and decomposing the 
resulting acid chloride with water : 

CuHio + COCI2 = C14H9COCI + HCl. 

It melts at 206°, but is at the same time resolved into 
anthracene and carbonic anhydride. 

CnH2n(CO.OH)2 OR SUCCINIC SERIES OF DIBASIC ACIDS. 

The following terms of this series axe Vivowcv \ — 

X 2 
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Oxalic acid (CO.OH), 

Malonic acid CHjjCCO.OH), 

Succinic acid C,H^(CO.OH), 

Pyrotartaric acid .... C5H^(CO.OH)j 

Adipicacid C^HgCCO.OH), 

Pimelicacid CjHjoCCO.OH), 

Suberic acid CeH„(CO.OH), 

Anchoic acid C^Hi^CCO.OH), 

Sebacicacid CgHi^CCO.OH), 

RoceUicacid C,5H3o(CO.OH), 

Isomeric modifications of several of these have been obtained. 
For mat to fu — i. By oxidation of the primary glycols.* 

2. From the hydrocarbons of the CnHan or define series: 

CnHa^Bra + 2KCN = CnH2„(CN)a + 2KBr ; 
C„H2„(CN)2 + 20H2-h2KOH = CnH2n(CO.OK)2 4-2NH3. 

3. From the ethylic salts of the mono-haloid derivatives 
of the acids of the acetic series, in the following manner : 

jC„H2„Br _ rCnH2n(CN) 

tcO.OCsHs + ^^^ - ICO.OC2H5 "*■ ^^^> 

rC„H2„(CN) (CO.OK+NHs 

lCO.OC2H5 + ^^2 + 2i^^ii-UW2n|co.OK + C2H5.0E 

4. By the action of sodium, silver, or copper on the 
mono-haloid derivatives (preferably the iodo-derivatives) 
of the acids of the acetic series : 

2CnH2 JCO{OH) + Ag2 = C2nH4n(CO.OH)2 + 2AgI. 

Properties, — The acids of the succinic series are crystalline 
solids. Like all dibasic acids they yield, as previously ex- 
plained (p. 243), two series of metallic and ethereal salts, 
acid amides, &c. 

^ Many of the acids of the series — succinic, adipic, pimelic, suberic, 
and anchoic acid — ate obtamed by oxidising various fatty and resinous 
substances— taUow, swet, >3[ie oV\s, %Lt.— vn^xJvNxv^-w^vfiv.. 
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They cannot be distilled unchanged, being resolved either 
into water and the corresponding acid anhydride : 

CnHa,(C0.0H)2 = OH2 + QH2n(CO)20 ; 

or into carbonic anhydride and an acid of the acetic series : 

CnH2n(CO.OH)3 = CO3 + QH2,+iC0(0H). 

On electrolysis many of the acids of the series are re- 
solved into an olefine, carbonic anhydride and hydrogen : 

CnH2n{CO.OH)2 = QH^^ + 2CO2 + Hg. 

When heated with an excess of sodic or baric hydrate 
they are resolved into a paraffin and carbonic anhydride : 

CnH2n(CO.OH)2 = CnH2n+2 + 2CO2. 

Bromo-substitution-derivatives are obtained by the action 
of bromine, but the substitution is effected far less readily 
than in the case of the acids of the acetic series. 

Oxalic Acid, C2H2O4 = (CO.OH)2. — This acid is 
present in most plants, sometimes in the free state or as 
sodic or potassic salt, but more frequently as calcic oxalate. 
Calcic oxalate is also found in urine and urinary deposits. 
A large number of complex organic substances, such as sugar, 
starch, cellulose, &c., yield oxalic acid when oxidised by 
nitric acid or by fusion with potassic hydrate ; in fact, oxalic 
acid is now prepared on the large scale by heating sawdust 
with a mixture of sodic and potassic hydrate. Oxalic acid 
is produced, as sodic salt, i. by heating sodium in an 
atmosphere of dry carbonic anhydride to about the boiling- 
point of mercury : 2 CO 2 + Na2 = C204Na2 ; and 2. by 
heating sodic formate : 2HC0(0Na) = H2 + (C0.0Na)2. 
It is also formed by warming an aqueous solution of cyanogen 
with hydrochloric acid or an alkali: C2N2 + 4OH2 = 
C2O4H2 + 2NH3, ^^^ ^y oxidation o^ Oi!K^\ew^ ^^Os.. 
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Oxalic acid cr>'stallises from water in transparent colour- 
less prisms of the composition C2O4H2, 2OH2 ; the water 
of crystallisation is expelled at 100**, and on continued 
heating the acid is decomposed (see p. 253). Heated in 
presence of dehydrating agents it is readily resolved into 
carbonic anhydride, carbonic oxide, and water. Chlorine 
acting upon an aqueous solution forms hydrochloric acid 
and .carbonic anhydride. Nitric add scarcely affects oxalic 
acid, but by most other oxidising agents it is rapidly oxidised 
to carbonic anhydride and water. 

Malonic Acid, C3H4O4 = CHaCCO.OH)^ (see p. 61). 

Succinic Acid, C2H4 (C0.0H)2, exists in two isomeric 
forms, known respectively as 

fCHaCO.OH fCHj 

tCHaCO.OH tCH(CO.OH)2 

Succinic or ethylenedicarboxylic add ; and Isosuccinicorethylidenedicarboxylicadd. 

Succinic acid may be prepared by method 2 (p. 308) from 
ethylene, and by method 3 from /3-chloropropionic add, 
isosuccinic acid being prepared from a-chloropropionic add 
(p. 287) by the same method. Succinic acid was originally 
obtained by dry distillation of amber, in which it exists ready 
formed ; all the acids of the acetic series, from butyric add 
upwards, are said to yield succinic and other adds 
of the series when oxidised by nitric acid. On vthe large 
scale it is usually prepared from malic acid by fermen- 
tation. 

Succinic acid melts at 180°, and when heated to the 
boiling-point (about 235**) is resolved into water and succinic 
anhydride ; isosuccinic acid melts at 130**, and when heated 
to 150° is resolved into carbonic anhydride and propionic 
acid. Succinic acid is less soluble in water than isosuccinic 
acid ; a solution of sodic succinate yields a red-brown 
precipitate of feme s\lecmaX.em^^vfemc. civloride; isosuccinic 
acid is not precipitated \>^ Iotvc Oc^otv^^^. 
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C„H2n_i(OH)(CO.OH)2 OR MALIC SERIES OF DIBASIC ACIDS. 

The acids of this series are trihydric dibasic acids. 
The following are known : 

Tartronic acid (oxymalonic acid) CH(0H)(C0.0H)2 



Malic acid (oxysucc 
Citramalic acid 
Glutanic acid . 
Oxyadipic acid 
Oxysuberic acid 



nicacid) . C2H3(OH)(CO.OH)2 
• } C3H,(OH)(CO.OH)2 

. C4H7(OH)(CO.OH.)2 
. C6Hh(OH)(CO.OH)2 



Malic or Oxysuccinic Acid, C2H3(0H)(C0.0H)2. 
— This acid is most widely distributed throughout the 
vegetable kingdom, occurring sometimes in the free state, 
sometimes as potassic, magnesic, or calcic salt ; thus, it is 
contained in unripe apples, in gooseberries, strawberries, 
cherries, &c., but is especially abundant in the not quite 
ripe berries of the mountain ash. It has been obtained by 
digesting monobromosuccinic acid Avith argentic oxide and 
water. Malic acid, like all the acids of the series, is a white 
crystalline deliquescent substanc;e; when heated with hydriodic 
acid, it is reduced to succinic acid. 

Aspartic Acid, A sparagine. — These two bodies are intimately 
related to succinic acid, aspartic acid being amidosuccinic 
acid, and asparagine the acid amide of aspartic acid ; thus : 

Succinic acid. Aspartic acid. Asparagine. 

Asparagine is a crystalline optically active substance, present 
in asparagus, marsh-mallow, the young shoots of vetches, peas, 
beans, and many other leguminous plants. When boiled with 
a mineral acid and water it is resolved into aspartic acid and 
ammonia. By the action of nitrous acid on an aqueous solution of 
aspartic acid malic acid is produced. 

Glutamic Acid, C8Hj.(NH2)(CO.OH)2, is a crystalline acid 
obtained, together with aspartic acid and other products, on 
heating gluten, casein, &c., with bydtocMionK. •a.oSb.N ^5s>xx^s<is» 
acid converts it into glutanic acid. 
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C.Hto_,(OH)2(CO.OH)j OR TARTARIC SERIES OF 

DIBASIC ACIDS. 

The members of this series are tetrahydric dibasic acids. 
The folloH-ing are known : — 

Mesoxalic acid • . 
Tartaric acid (dioxysuccinic 

acid) 
Homotartaric acid 
Citratartaric acid 
Itatartaric acid 
Dioxyadipic acid 
Dioxysuberic acid 



I 

) 



(?) C(OH)2(CO.OH)2 
C2H2(OH)2(CO.OH)2 
C3H4(OH2)(CO.OH)2 

C4H6(OH)2(CO.OH)2 
C6Hio(OH)2(CO.OH)2 



Tartaric Acid {dioxysuccinic oa//), C2H2{OH)2(CO. 0H)2. 
— ^This acid is also very widely distributed throughout the 
vegetable kingdom, and, together with citric and oxalic 
acids, usually accompanies malic acid in plants.* It is 
largely employed, and is always prepared from the so-called 
crud€ tartar or argol (hydric potassic tartrate, C4H5KO6) 
which is deposited from fermenting grape juice during the 
operation of wine making, in the following manner : 

* This circumstance alone suggests that a close genetic relation exists 
between these four acids. Debus has, in fact, recently succeeded in 
obtaining ethylic tartrate, together with ethylic glycoUate, by the 
action of sodium amalgam on an alcoholic solution of ethylic oxalate. 
It may be supposed that by the action of the hydrogen generated by the 
action of the amalgam on the alcohol, ethylic glyoxalate is first pro- 
duced: 

fCO.OCaHs _^ TT _ fCOH ^ jrcr tt 

which is in the main converted by the further action of the nascent 
hydrogen into ethylic glycollate, but also in part converted into ethylic 
tartrate; thus : 

fCO.OCaHj 
^ ( COR ^ x^ _ \CR.OH 
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A boiling solution of the acid tartrate is treated with pow- 
dered chalk, whereby insoluble calcic tartrate and soluble 
potassic tartrate are produced : 

2C4H^K06 + CaCOg = QH^CaOe + C^H^KjOg + COj + OHj. 
Calcic chloride solution is then added to the solution of potassic 
tartrate, and the precipitated calcic tartrate added to the pre- 
vious precipitate and the whole treated with sufficient sulphuric 
acid to form calcic sulphate and tartaric acid. Finally, the 
solution of tartaric acid is separated from the precipitated 
calcic sulphate and evaporated to crystallisation. 

Four modifications of tartaric acid exist, namely : — 

1. Dextrotartaric or ordinary tartaric acid^ so called from 
its property of causing the plane of polarization of a ray of 
light to rotate to the right. 

2. Lcevotartaric acid, which rotates the plane of polariza- 
tion to the left. 

3. I^acemic or paratartaric acid, YfhicYiis optically inactive, 
and may be resolved into dextro- and Isevo-tartaric acid. 

4. Inactive or mesotartaric . acid, which is also optically 
inactive, but cannot be resolved into dextro- and laevo- 
tartaric acid. 

The first and third of these occur naturally; the second 
and fourth are artificially produced. 

When dibromosuccinic acid is digested with argentic oxide 
and water, it is converted into tartaric acid. The acid thus 
obtained is mesotartaric acid, but Jungfleisch has recently 
shown that by heating with water at 175° it is converted 
into racemic acid, which he separated into dextro- and 
Isevo-tartaric acid. He employed succinic acid prepared 
from ethylene, and has thus proved that it is possible, en- 
tirely by artificial means, to produce an optically active sub- 
stance, which had hitherto been regarded as impossible of 
accomplishment. Jungfleisch has also shown that by heat- 
ing with water at 160°, dextrotartaric and racemic acid are 
both converted into mesotartaric acid. 

Dextro- and laevo-tartaric acid have lYia ^^asvfc ^-^^^cnSns:. *g»N>s^i 
and solubility in water, and their ctv^Xa!^ ^^ \io\s5\^^^^"i "^^ 
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same number of faces inclined at exactly the same angles, but 
certain of the faces which, when the crystals are similarly 
placed, are to the right in the one modification (in dextro-tartaric 
acid), are to the left in the other, so that the crystals of these 
two modifications are to one another as an object and its 
reflected image. Solutions of the two modifications of equal 
strength deflect the plane of polarization of a ray of light to an 
equal extent, but in opposite directions. If a solution contain- 
ing equal weights of dextro- and laevo-tartaric acid be evaporated 
to cr>'stallisation, racemic acid is produced,^ which on the other 
hand may be resolved into dextro- and laevo-tartaric acid in a 
variety of ways. Thus, Pasteur has shown that if two solutions 
containing equal weights of racemic acid are neutralised — the 
one with ammonia, the other with sodic hydrate, then mixed 
and evaporated to the crystallising point, crystals of sodic 
ammonic tartrate are deposited, half of which have certain 
faces situated on the right, which in the other half are situated 
on the left ; these crystals may be separated by hand, and by 
dissolving separately the two kinds in water, precipitating by 
plumbic nitrate, and decomposing the precipitates of plumbic 
tartrate by dilute sulphuric acid, solutions are obtained which, 
on evaporation yield respectively dextro-tartaric and laevo- 
tartaric acid. 

The crystals of dextro- and laevo-tartaric acid are anhydrous ; 
those of racemic acid have the composition C^HgOg,OH2. 
Racemic acid is less soluble in water than tartaric acid, and 
calcic racemate is insoluble in acetic acid, which dissolves calcic 
tartrate. 

By heating tartaric acid with various alcohols, correspond- 
ing ethereal salts, C2H2(OH)2(CO.OR')2, &c., are produced. 

When tartaric acid is heated with acetic chloride, diaceto- 
tartaric acid, C2H2(O.C2H30)2(CO.OH)2, is formed, but 
converted at the temperature to which it is necessary to heat 
in order to complete the reaction into diacetotartaric anhy- 
dride, C2H2(O.C2H30)2(CO)20. Ethylic tartrate similarly 
treated yields either ethylic acetotarirate or ethylic dicueto- 

' Racemic add is pTesenX lo^t^« m^ ^t-xXx^\3s\afiR. ^jdd in certain 
tartars. 
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tartrate C2H2(OC2H30)2(CO.OC2H5)2, according to the 
amount of acetic chloride used. 

When distilled with phosphorus pentachloride, tartaric 
acid is converted into chloromaleic chloride \ 

C2H2(OH)2(CO.OH)2 + 4PCI5 = 

C2H2Cl2(COCl)2 -h 4POCI3 + 4HCI ; 

C2H2Cl2(COCl)2 = C2HC1{C0C1)2 + HCl. 

Tartaric acid is carbonised by concentrated sulphuric 
acid ; it is very readily oxidised by all oxidising agents ; 
concentrated nitric acid converts it into so-called nitro- 
tartaric acid, C2H2(N03)2(CO.OH)2, which spontaneously 
breaks up into tartronic acid, carbonic anhydride, and 
oxides of nitrogen : 

(?) C2H2(N03)2(CO.OH)2 = 

CH(0H)(C0.0H)2 + CO2 + NO + NO2. 

Saccharic and Mucic Acid (tetrcu>xyadipic add), C g H 1 qO g = 

(CO OH 
' . The formation of these two isomeric 
CU.Orl 

acids on oxidation of various sugars has previously been 
noticed (p. 189 et seq.). Saccharic acid, although solid,, 
cannot be obtained in crystals ; it is very soluble, even in 
cold water. Mucic acid crystallises readily, and is sparingly 
soluble in cold water. When heated with a concentrated 
solution of hydriodic acid mucic acid is reduced to adipic 
acid : 

rCO.OH 



C4H4(OH) 



4 



+ 8HI = 
ICO.OH ^ 



Ethylic saccharate, C4H4(OH)4(CO.OC2H5)2, prepared by 
passing hydrochloric acid into a solution of saccharic acid It^ 
alcohol, is converted by acetic clnloTvde m\.o ^'^^'^c\&Nx^^'e^^- 
saccharate, C4H4{0,C^Yi^O)^{S:,O.OQ.^^^'^ 
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CnH2n_2(CO.OH)2 OR FUMARIC SERIES OF DIBASIC ACIDS^ 

The acids of this series bear the same relation to the acids 
of the succinic series that the acids of the acrylic series 
bear to the acids of the acetic series. Thus they unite with 
nascent hydrogen, forming corresponding acids of the suc- 
cinic series ; they unite with (a) the haloid acids and (b) 
halogens, forming (a) mono- and {b) di-haloid substitution- 
derivatives of corresponding acids of the succinic series ; 
and they unite with hypochlorous acid to form monochlori- 
nated acids of the malic series. The following are known ;— 

Fumaric acid . 



Maleic acid 
Citraconic acid 
Itaconic acid . 
Mesaconic acid 



I C2H2(CO.OH)2 



C3H4(CO.OH)2 



FuxMARic AND Maleic Acid, C^Yi^HPO.OJi)^^ are pro- 
duced^ by the withdrawal of the elements of water from 
malic acid, C2H3(OH){CO.OH)2 ; the former is present in 
the common fumitory {Fumaria officinalis), in Ziclien 
islandicHS, &c. 

When malic acid is heated for some time at 130**-! 35° it is 
mainly converted into fumaric acid, but when it is rapidly 
heated chiefly maleic acid is produced, and passes over with the 
water. Both are crystalline acids. Maleic acid is very soluble 
in water ; fumaric acid is sparingly soluble. Maleic acid melts 
at about 130°, and at about 160° is converted into maleic 
anhydride, C4H2O3 ; fumaric acid melts with difficulty, and at 
about 200® is also converted into maleic anhydride. Both yield 
succinic acid when treated with nascent hydrogen, but com- 
bine with bromine to form isomeric dibromosuccinic acids. On 
electrolysis they are resolved into acetylene, carbonic anhydride, 
and hydrogen. 

^ Fumaric acid is also obtained (as baric salt) on boiling trichloro- 
phenomalic acid "with baric hydrate solution. Trichlorophenomalic 
acid is an acid, said lo hav^i VV^ tom^o-^xHAorcv^^n^^.^^ij^epared 
by adding potassic chVorate to amwLVocc^ ol\i^Tafe^^^\v^'s^^^^s»xv^:.Ti,^a^, 
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CiTRACONic, Itaconic, and Mesaconic Acid, C5H6O4 = 
C3H4(CO.OH)2, are produced by the withdrawal of water 
and carbonic anhydride from citric acid (p. 318) : — 

When citric acid is rapidly distilled it is converted into citra- 
conic anhydride : 

C3H4(OH)(CO.OH)3 = CsH.CCO)^© + 2OH2 + QO^ 
which readily unites with water, forming citraconic acid. 
Citraconic acid is converted into itaconic acid by heating 
with a small quantity of water for some hours, at about 
150°, and into mesaconic acid by heating with hydrochloric 
acid and decomposing the resulting chloropyrotartaric acid by 
boiling with water. Citraconic and itaconic acid both yield citra- 
conic anhydride on distillation ; mesaconic acid may be sub- 
limed unchanged. 

Citraconic acid melts at 80°, and is very soluble in cold 
water. 

Itaconic acid melts at 160°, and is moderately soluble in 
cold water. 

Mesaconic acid melts at 200° -5, and is only slightly soluble. 

With nascent hydrogen they yield the same pyrotartaric acid, 
but unite with bromine, hypochlorous acid, &c., to form isomeric 
acids. On electrolysis each ' of these acids is resolved into 
allylene, C3H4, carbonic anhydride and hydrogen. The allylene 
from itaconic and mesaconic acid produces a white crystalline 
precipitate of the composition CgHgAg when passed into an 
ammoniacal solution of argentic nitrate, whereas the allylene 
from citraconic acid does not affect such a solution. 

CnH2n_i(CO.OH)3 OR TRICARBALLYLIC SERIES OF 

TRIBASIC ACIDS. 

Tricarballylic Acid, CgHgOe = C3H5(CO.OH)3, the 
only known acid of the series, is obtained as potassic salt 
from the tricyanopropane prepared by double decomposi- 
tion from tribromhydrin (tribromopropane^ p. 180) and 
potassic cyanide ; thus : 

C3H5(CN)3 + 3KHO + 3OH2 = 
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Also by heating citric acid with hydriodic acid : 

C3H4(OHXCO.OH)3-h2HI = C3H5(CO.OH)3+OHa+I^ 

Citric Acid {pxytricarballylicacid)^ C3H4(OH)(CO.0H)^ 
— This acid is present in many firuits, togedier with tartaric, 
malic, and oxalic acid, but is especially abundant in the 
lemon, from the juice of which it is always prepared. 

The juice is allowed to ferment a short time, in order to 
separate mucilaginous matter, &c ; it is then filtered and the 
clear liquid neutralised with calcic carbonate ; the insoluble 
calcic citrate which forms is collected, thoroughly washed, 
decomposed by the proper quantity of dilute sulphuric acid, and 
the solution of citric acid evaporated to crystallisation. 

Citric acid crystallises from a cold aqueous solution in 
colourless prisms of the composition CsHgOyjOHa, ver}^ 
soluble in water ; it is a tribasic tetrahydric acid. like 
malic and tartaric acid it is readily decomposed by sulphuric 
acid, and on oxidation ; when heated it melts, then boils- 
giving off water, and is converted into acckittc acid, 
C3H3(CO.OH)3 = C3H4(OH)(CO.OH)3-OH2,an acidof 
the C„H2n_3(CO.OH)3 series. Aconitic acid is found in 
the roots and leaves of monkshood (Aconitum IVapeiius\ 
and other plants of the same genus; by heating at i6o°-i7o° 
it is converted into itaconic acid. 

Desoxalic Acid, C5H608=C(0H)(C00H)2.CH(0H) 
(COOH) is obtained as ethylic salt, together with other 
products, by the action of sodium-amalgam on ethylic 
oxalate (containing alcohol). 

Ethylic desoxalate, C5H308(C2H5)3, crystallises in prisms 
melting at 85** ; it yields a diacetyl derivative on treatment 
vnXh acetic anhydride. 

Desoxalic acid is very unstable : on warming with water 
it is resolved into racemic and carbonic acids : 

C(0H)(C00H)<i.eH.^OH\(5:OOR\-V OH^ 
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Desoxalic acid is crystalline, but very hygroscopic. The 
baric and calcic salts obtained by decomposing the ethylic 
salt with baric or calcic hydrate are amorphous. 



CnH2n«8(CO.OH)2 OR PHTHALIC SERIES OF DIBASIC ACIDS. 

The acids of this series bear the same relation to the acids 
of the benzoic series and to the hydrocarbons of tlie 
benzene series that the acids of the succinic series bear to 
the acids of the acetic series and to the paraffins. The fol- 
lowing are known : — 



I 

n 



'^Phthalic or ortho-1 
phthalic acid 

Isophthalic ormeta- 
phthalic acid 

Terephthalic or 
paraphthalic acid 



CeH^(C0.0H)3 



J 



•30 



Mesidic or uvitic] 

Xylite add *. : C.H.(CH,)(CO.OH), 
Isoxylidic acid .J 

Cumidic acid . 



M.-P. 

185^ 
above 300^ 

sublimes,with- 
out melting, 
above 300° 

287°- 288^ 

28o°-283° 
375^ 



. CeH,(CH3),(C0.0H),{-S!i-- ^^^^ 

Phthalic Acid is produced, together with a small quantity 
of terephthalic acid, on oxidising a mixture of benzene, or 
benzoic acid, and formic acid by sulphuric acid and man- 
ganic oxide (p. 115); and by oxidation of naphthalene, 
naphthalene dichloride, alizarin, &c., by nitric acid. It 
crystallises in plates or prisms, and is sparingly soluble in 
cold water. On distillation it is converted into phthalic 
anhydride, CgH403 ; it unites with nascent hydrogen, form- 
ing hydrophthcUic add, C6H6(CO.OH)2 ; when boiled with 
an oxidising mixture of potassic dichromate and sulphuric 
acid, it is entirely decomposed. 
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Is<iPHTHALic Acid is obtained by oxidation of meta- (iso-) 
xylene, and by fusing the potassic salt of metasulphoben- 
zoic acid^ with sodic formate : 

It crystallises in slender white needles, less soluble in water 
than phthalic acid. 

Terephthalic Acid is produced by oxidation of paraxy- 
lene, camphor cymene, and a number of other hydrocarbons 
of the benzene series, and on fusion of potassic parasulphoben- 
zoate with sodic formate. It is a white amorphous powder, 
almost insoluble in water. The baric salt of this acid, and 
of phthalic acid, are very difficultiy soluble, even in boiling 
water ; baric isophthalate, however, is excessively soluble. 
Isophthalic and terephthalic acid are scarcely affected when 
heated with an oxidising mixture of potassic dichromate 
and sulphuric acid. 

Phthalic, isophthalic, and terephthalic acids form the 
second term of a series of acids derived from benzene hy 
the substitution of H by (CO.OH), of which benzoic (ben- 
zenecarboxylic) acid is the first, and mellitic (benzenehexa* 
carboxylic) acid the last term. With one exception all the 
terms of this series are known ; they are as follows : — 






Benzoic acid . 

Phthalic acid . 
Isophthalic acid 
Terephthalic acid 

Trimellitic acid 
Trimesic acid 
Hemimellitic acid 



C6H5(CO.OH) 
C6H4(CO.OH); 



C6H3(CO.OH)3 



' This acid is produced, together with a relatively small quantity 
of the isomeric parasulphobenzoic acid, by the action of sulphuric 
anhydride on benzoic acid : 

C6H5CO2H + SO3 =a CqH4 "[(^Q^JJ- 
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Pyromellitic acid 
Prehnitic acid . 
Mellophanic acid 

Unknown acid 

Mellitic acid 



. C6H2(CO.OH)4 

. C6H(CO.OH)5 
. C6(CO.OH)6 



All these acids yield benzene Avhen heated with a slight 
excess of lime: - 

C6H6_„»(CO.OH)„ + mCaO = CcHg + mCaCOg. 

Mellitic Acid {penzenehexacarboxylic acid) CuHgOu^ 
Ce(CO.OH)Q. — The aluminic salt of this acid constitutes the 
rare mineral iiullite or honey-stone^ found in beds of lignite. 
Mellitic acid has been obtained, it is said, by oxidising carbon. 
It crystallises in small white needles, soluble in water and 
alcohol ; it is a hexabasic acid, and furnishes a variety of 
normal and acid metallic and ethereal salts and amides. On 
distillation with phosphorus pentachloride it yields the acid 
chloride, C0(COCl)g. 

By the action of nascent hydrogen mellitic acid is converted 
\XiXo hydromellitic acid, CeH0(CO.OH)g, which, when treated 
with concentrated sulphuric acid, furnishes the two isomeric 
tetrabasic acids — prehnitic and mellophanic acid: 

CeH6(C0.0H)e + sH^SO^ = CeH3(CO.OH)4 + 2CO2 + sSO^ 

+ 6OH2. 

Pyromellitic acid, the third benzenetetracarboxylic acid, is 
obtained on heating mellitic acid. 

Similarly, prehnitic acid unites with hydrogen, forming hydro- 
prehnitic acid, CgHQ(C0.0H)4, which, on treatment with sul- 
phuric acid, yields tribasic trimesic acid, CgH3(CO.OH)3, and 
on heating is resolved into carbonic anhydride and isophthalic 
acid. The isomeric mellophanic acid furnishes in a similar 
manner tribasic hemimellitic acid and dibasic phthalic acid. 
Hydropyromellitic acid, C0Hg(CO.OH)4, is converted into 
trimellitic and phthalic acid on treatment with sulphuric acid. 

When hydropyromellitic acid is distilled it is converted into 
tetrahydrophthalic anhydride, which on boiling with water, 
yields dibasic tetrahydrophthalic acid, CgH8(CO.OH)3. This 

Y 



Derivatives of 
Benzene. 
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acid unites with nascent hydrogen, forming hexaliydrophthalic 
acid, CgH,o(CO.OH)3, which cpntains only two units of hydrogen 
less than suberic acid ; thus : 

Suberic acid . . . CeH„(CO.OH)j 

Hexahydrophthalic acid . CeHjjj(CO.OH)j 

Tetrahydrophthalic acid . CeHg(CO.OH), 

Hydrophthalic acid . . CeHg(CO.OH)j 

. Phthalic acid . . . CeH^(CO.OIJ)j 

When bromine is added to the aqueous solution of tetrahydro- 
phthalic acid bromomalophthalic acid, CgH8Br(OH)(CO.OH)j, 
is formed ; when this acid is heated with baric hydrate solution, 
the baric salt of tartrophthalic add, CeH8(OH)2(CO.OH)^ is 
obtained, which is an acid bearing the same relation to hexa- 
hydrophthalic acid that tartaric acid bears to succinic acid. 

Summary, — On comparing the properties of the various 
isologous primary series of acids, it is at once evident that 
the relations between them are precisely similar in character 
to the relations which obtain amongst the various isologous 
series of hydrocarbons. 

Like the hydrocarbons of the paraffin series the acids of 
the corresponding series, namely, those of the acetic, suc- 
cinic, and tricarballylic series, are saturated compounds, and 
of considerable stability; the acids of the benzoic and 
phthalic series evidently correspond to the hydrocarbons of 
the benzene series ; and the analogy between the acids of 
the acrylic and fumaric series and the hydrocarbons of the 
acetylene series, and between the acids of the cinnamic 
series and the hydrocarbons of the cinnamene series, for 
example, is equally obvious. 

The modification which the acids of the various primary 
series undergo when chlorine, or bromine, is introduced in 
place of hydrogen is of the same character as that which 
occurs when the corresponding hydrocarbons are submitted 
to like treatment. 

Similarly, the modification in properties which the acids 
of the various primscq ?>etk^ Mudergo on conversion into adds 
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, » 
of secondary series, i.e. into acids of the lactic, tartaric, or 

oxybenzoic series, &c., by the introduction of (OH) in place 
of H, is in all respects analogous to that which occurs on 
conversion of the hydrocarbons into alcohols ; the secondary 
acids so formed are less stable than the primary acids from 
which they are derived, and, as a rule, are far more readily 
• oxidised than the latter. 

The relations between the successive terms of each 
^ homologous series of acids are apparently of the same 
' character as those which exist between the successive terms 

J 

1 
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of the homologous series of hydrocarbons and alcohols, &c. 
At present, however, in most cases, only the first few terms 
of each homologous series are known, and our knowledge of 
the properties of the higher homologues is unfortunately 
extremely deficient 



CHAPTER X. 

KETONES. • 



The ketones bear the same relation to the aldehydes that 
the secondary monohydric alcohols bear to the primary 
monohydric alcohols, being derived from the secondary 
alcohols by oxidation in the same manner that the aldehydes 
are derived from the primary alcohols \ they may be regarded 
as aldehydes in which H in the COH group has been 
replaced by a monad hydrocarbon group or radicle : 

CnH2n+iCH2.0H ; CnH2n+lC0H. 

Primary Alcohol. Aldehyde. 

(C„H2n+l)2CH.OH ; (CnH2n+l)2CO. 

Secondary Alcohol Ketone. 

Ketones of the series CO(C„H2„+i)2, CO(CnH2n_7)2, 

col '^^""^ col ^^°"~^ ([];Q|CnH2n_13 QQfOnH2n_ta 
^CnH2n+i 'CnH2n_7 ^^\P-'fai— \^ VQ*.^<i.Tv— -v 

V 2 
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and a few derived from dibasic acids are known, but our 
chief knowledge is of the ketones of the CO(CnH2n+i), 
series, the best known of which are enumerated in ie 
following list : — 



R-P. 



CH. 



Dimethyl ketone (acetone) . CO|pf;» 56' 



CR 



81 



Methyl-ethyl ketone . . COj^'Jj 

^Diethyl ketone (propione) . CO { ^'j^* 100' 

CH 
Methyl-propyl ketone . . CO|^j|»^tt ^jj 101 



,0 







CH 
Methyl-isopropyl ketone . CO{r;H?CH'^ 93 



CH, 



9 



Methyl-butyl ketone . . CO{ch;cH,.CH,.CH, "T" 
Propyl-ethyl ketone . . Co{^|P*qjj ~„ 128° 

. CH 

Methyl-amyl ketone . ^^I(C H Y ^55' 

Dipropyl ketone (butyrone) . CO | cH^'cH^'cH* ^^ 

i 4 « 3 

Diisopropyl ketone . . CO{^^£||aja (?) ISS^'-IS?' 

CH, 
CH(C,H,) 

Diisobutyl ketone (valerone) CO { cH^^CHrCH^* ^^^ 

Diamyl ketone (caprone) . CO | ^r^2"^* 220' 

Methyl -nonyl ketone^ . (?) COfS^^ . 224* 

Dinonyl ketone . . (?) CO { (^^^^I K^'i ""t? ^^ ^^ ^^i 
' \i \ (CgHjg)* boils above 350' 



Diethylated acetone . . ^^{cH?CH'i ^3^ 



,0 







' This ketone, prepared by distilling a mixture of the calcic salts of 
acetic and capric aci^s, \s Vaiet^WcaX^'vOa ^^ OossS. '^.^-vss^j&xxfttit of oil of 
rue. 
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The series ZO{(Z^.,^_^^ includes :— 

Melting- 
point. 

Diphenyl ketone . CO{^«2> 48= 



(benzophenone) ' * * ^^e^s 

CgH^.CHg 



f Phenyl-tolyl ketone . . C0|p«9*pTT 57^ 



J Phenyl-benzyl ketone (de- > ^q.\ C-Hj 

^ oxybenzoin) . . J i CH3.QH5 ^^ 

Dibenzyl ketone . . . COfpS^p^S* 30' 



o 



,0 



CHj.CgHj 



CnH, 



^n 2n_7 series are known : — 

^n"2n+i 

B..P. 

Methyl-phenyl ketone ^^ f CgHg o 

(acetophenone) " * ^^tCH, ^^ 

fEthyl-phenyl ketone . . CO{^«j^« 2 10^ 

Methyl-benzyl ketone . . CO{^^a'^«^» 215° 

Propyl-phenyl ketone . . C0|^|^5^jj ^jj 221° 

Ethyl-benzyl ketone . . CO{p^«'^«^» 225^ 

r C H 
Isobutyl-phenyl ketone . CO|p|^ *pjj/pTT \ 226** 

Formation, — i. By oxidation of the secondary monohydric 
alcohols : 

C(CnH2n+l)2H(OH) -|- O = CO(C„H2„+i)2 + OH2. 

2. By the action of carbonic oxide on the sodium organo- 
metallic compounds : 

, CO + 2 NaQH2„+i = CO(C„H2n+i)2 + Na^. 

This method has hitherto only been applied to the prepar- 
ation of ketones of the series CO(CnH2n+i)2. 

3. By the action of the zinc organo-metallic comijouxvd^ 
on the acid chlorides : 



i 

326 Organic Chemistry. 

R'COCl + Zn(C.H^,)t = ^'^Cl}^^^^ ; 

+ R'CCl ' ^^»"+' = CO - ^' + HCL 

\ OH 1 C,Hjhi+, 

4. By distillation of the baric or calcic salts of the mono- 
basic monohydric acids, or of mixtures of the salts of two 
different monobasic acids, thus : 

CnH^+|COj) p ^»^*»+>lcO 4- CaPO • 



an, 



'n 

c 



= 2^""'"-*^* '- CO + 2CaC03. 



iH2n+lC02) ^^ , CnH2n_7C02^ q^ 
|H2n + lC02) CnH2„_7C02) 

jCnH2„+i ) 
CnH2n_7 ) 

5. By heating a mixture of an acid of the benzoic or 
naphtoic series and a hydrocarbon of the benzene or 
naphthalene series with phosphoric anhydride : 

CnH2„_7CO(OH) + C^H2„_6 = CO(C^H2n«7)2 + OH,; 

P2O5 + OH2 = 2HPO3. 

6. By the action of zinc on a mixture of the chloride of 
an acid of the benzoic or naphtoic series and a hydrocarbon 
of the benzene or naphthalene series : 

C„H2„_7C0C1 + CnH2„_,4 = HCl + CO|^»?2a-7 . 

Properties, — i. By the action of nascent hydrogen 
(evolved from sodium amalgam and water) the ketones 
are converted into secondary monohydric alcohols : 

CO(CnH2„ + ,)2 + H2 =.C(C,H2n*i)2H(OH) ; 

at the same time a dihydric alcohol (or pinacone) is pro- 
duced, e.g. : 

.C0(CA._,H + H.=(C(C.H._,).OH, 
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2. The ketones are especially characterised by their be- 
haviour on oxidation — 

Law of Oxidation of the Ketones, — ^The law may be stated 
in the following general terms : — On oxidising the ketones one 
of the hydrocarbon groups in combination with the CO group 
is converted by the assumption of OH into the corresponding 
monobasic acid ; the other is split off and separately oxidised. 
It appears that it is always the less stable (usually the more 
complex) hydrocarbon group which is thus split off. In the case 
of the ketones of the CO(CnH2n4.,)2 series, which furnish acids 
of the acetic series on oxidation, if this group is derived from a 
primary alcohol it is converted into the acid of the acetic series 
containing the same number of units of carbon -} 

^^ i CHj(ct!H2«+0 + 30 = C,H2n+iC0(0H) + C^H^^+^COCOH) 

Methyl-propyl ketone, for example, yields acetic and pro- 
pionic acids : 

^^icH^C H ) +30 = CHsCO(OH) + CaH5C0(0H). 

If the hydrocarbon group is derived from a secondary alcohol 
it is oxidised to the corresponding ketone : 

- CO I CH(ctk,„+,), + *0 = QH,„H..CO(OH) + CO(C„H^+,),. 
Thus methyl-isopropyl ketone yields acetic acid and acetone : 
^^icH(CH) + 2O « CHjCOCOH) + COCCHj)^. 

' Probably the oxidation does not take place at a single stage, but 

the ketone is perhaps in the first place resolved by the combined 

' action of the nascent oxygen and water (or it may be by the action 

f of hydric peroxide) into an acid and an alcohol in the manner indicated 

by the equations : 

CO I C&H,„,,) + (O + OH,) = CoH,,+,CO(OH) 

+ CmHa„+,.CH2(0H); 

CO { cfen..,,). ■*■ ^^ ■*■ ^^^^ = CnH,„,,CO(OH) 

+ (CmH2m+i)a.CH(0H); 
the alcohol thus formed being at otvce Ivrrt^vw o^v^ys^'^j^* 
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:j3C 
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X 



- > u'.ri = Il'ZO'jSh,. — REL 



00 '„H-. ., > r.HO =CiHiCC»OK. - C.H,. 

<7i?.'.<^%. v^.-.ri". ',r- djzisitcc. -»— rnfrochloiic aod are 
ffxri*:r^x\ .:.%', i^'^di ':,c :he lactic ierLes • p. 27i)l 

^. Tr.^ 'g.fff,r.^^ f/. xsjt form CO-^jj /metfajl-plienyl 

k^^/Tif: frxf^^'^fif fin.Wir. crystalline compoands with h3rdnc 
iifhrft^At'if,^ \/Aj^\\\f^ and sodic sul^^te, from which the 
)fJttou*: fwiy \a: lif^erate^i \jy disdilation with an alkali : 

^'OJj^jj + NaHSO, = C(OH)XaSO,( J^ . 

(1, hy t}ic action of ammonia on the ketones of the 
r(;((:^nar,H)3 w:ric«, the oxygen is eliminated in the form 
i»r wMlrr, »M(1 ba»ic compounds are formed; acetone, for 
r>i«in|ilr, m converted mio acetonine : 
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Quiftones. — These compounds, of which frequent mention was 
made in describing the hydrocarbons of the benzene, naphthalene, 
and anthracene series, are apparently closely related to the 
ketones, and may, in fact, be regarded as double ketones. Thus 
anthraquinone and the isomeric phenanthraquinone may be 
represented in the following manner : 



Q^4{rnJ^6 4 » 



CO 

Anthraquinone. 



( C,H,.CO . 
tCaH^.CO» • 

Phenanthraquinone. 



'\ 



CHAPTER XL 



AMINES. 



The amines may be regarded as derived from ammonia 
by the introduction of hydrocarbon groups or radicles in 
place of hydrogen. Primary, secondary, and tertiary 
monamines, diamims^ and trtamtfies are known j the nature 
of the more important series of these compounds will be 
evident on inspection of the following general formulae : — 



t 


Primary. 


Secondary. 


Tertiary. 






fR' 


(R' 




fR' 


1 


N- 


H. 


Nh 


R'. 


N- 


R'. 







Ih 




[h 




Ir' 


4> 


fR" 


fR'' fR" 


fR" 


p'^ 


.3 


N2 H^. 
"2 


N.- 


I rig 


K. 2 • 
'^2 


NoJR'' ; N2 
R' 


R 2 • 
R'g 


IS 


(R'" 


(R'" /R''' 


/R/// ,R/// 


s 


Ns- 


lUr 


N3- 


R'^' ; N3 R'3 . 
H3 .H3 


N3- R'^' ; N3. 





The amines which have hitherto received the \s>>K5f^ -a^^sv- 
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tion are those in which the groups R in these fonnulse are 
the so-called radicles derived from the hydrocarbons of the 
CnHjn + j and CnH2n_6 scries. A large number of the 
natural alkaloids are tertiary amines. 

With few exceptions the amines are basic compounds, 
uniting with acids to form salts analogous to the ammonic 
salts : representing by the symbols A, A*, A*, respectively, 
the amines, diamines, and triamines, and by HX a 
monobasic acid, such as nitric acid, the proportions in which 
the amines in the majority of the cases imite with acids to 
form normal salts is given by the symbols 

A,HX ; A2,2HX ; A»,3HX . 

Salt of monamine. Salt of diamine. Salt of triamine. 

These salts are decomposed by alkalies with separation of 
the amine, just as the ammonic salts are decomposed and 
ammonia separated. 

Formation, — i. By the reduction of the nitro-substitution- 
derivatives of the hydrocarbons by ammonic sulphide, or 
tin and hydrochloric acid, &c. (p. 48) : 

CaHan+i-NO, + 3H2 = CnHg^ + i.NHg + aOH^. 

CnH2,_8(N02)2 + 6H2 = C,H2n_8(NH2)2 + 4OH2. 

2. By distilling the isocyanates (p. 336) and isocyanurates 
with potassic hydrate : 

NR'.CO -+- 2KHO = NR'Hj + K2CO3. 

These methods are only available for the preparation of 
primary amines. 

3. By the action of the haloid derivatives of the hydro- 
carbons on ammonia, the salt produced being subsequently 
decomposed by potassic hydrate, thus : 

NH3 + C„H2„,,I = N(C„H2„, ,)H3l ; 

N(C„H2„^0H3l + KHO = N(C,H2n + ,)H2 + KI +OH2. 

This method is available for the preparation of primary, 
secondary, and leiUarj ;3iiCL\rife"s. ^^^ EtK^lamiti«^ p. ^^i). 
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4. Amines are also produced by the action of ammonia 
on the aldehydes and ketones, and by various special 
methods. 

EthylamitUy N(C2H5)H2, Diethylaminey N(C2H5)2H, and 
Triethylamine^ N(C3H5)3. — ^When ethylic iodide is heated with 
an alcoholic solution of ammonia a complex product is obtained, 
which is the result of the following succession of changes : 

CgHJ + NH3 = N(C3H5)H3l; 

C2H5I + N(C2H5)H3l + NH3 = N(C2Hj2H2l + NHJ ; 
C2H5I + N(C2H5)2H2l + NH3 = N(C2H5)3HI +NHJ; 
QH.I + N(C2H5)3HI f NH3 - NCQH,),! +NH,I. 

When the mixture of iodides thus produced^ is distilled with 
potassic hydrate a distillate containing ethylamine, diethylamine, 
and triethylamine is obtained, which cannot be separated by 
fractional distillation. If, however, ethylic oxalate is added to 
the mixture and the whole heated for several days in a closed 
vessel at 100°, the ethylamine is converted into dieihyloxamide, 
C^Or^Q^Wi.CcJA^r^y aud the diethylamine into ethylic diethyl- 

oxamate, CjOj | qL |t *^* , whilst the triethylamine remains 

unaffected. The triethylamine having been distilled off, the 
residue is cooled in a freezing mixture, and then pressed between 
linen cloth ; by this means crystalline diethyloxamide is left be- 
hind and liquid ethylic diethyloxamate passes through ; the 
former is purified by recrystallisation from water, the latter by 
fractional distillation. From the pure diethyloxamide and 
ethylic diethyloxamate ethylamine and diethylamine are re- 
spectively obtained by distillation with potassic hydrate. 

Ethylamine is also produced by reducing nitroethane (p. 90), 
and by distilling ethylic isocyanate with potassic hydrate. 

* The proportions in which the several products are obtained varies 
with the amounts of ethylic iodide and ammonia employed and the 
temperature to which the mixture is heated; but even when the propor- 
tion of ammonia taken is largely in excess of that indicated by the first 
equation, the product, although mainly ethylammonic iodide, always 
contains more or less of the other compounds. Ethylic oJcAavAfc "jc!?^ 
bromide give rise to a similar series oi ^tcA\xc\s. 
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Ethylaminc, diethylamine, and triethylamine are colourless 
mobile inflammable liquids, which boil respectively at 19°, 58°, 
and 91° ; they possess an ammoniacal odour. The two former 
are very soluble, the latter is sparingly soluble, in water ; the 
solutions are powerfully alkaline, and exhibit most of the pro- 
perties of an ammonia solution: precipitating various metals 
from solutions of their salts as hydrates, for example. The 
chlorides produced by the imion of these bases with hydro- 
chloric acid form crystaUine double salts with platinic chloride, 
such as 2N(C2H5)H3Cl,PtCl4, 2N(C2H5),H3Cl,PtCl^. 

Tctrethylammonic Hydrate^ N(C2H5)^.OH. — Triethylamine 
and ethylic iodide combine readily to form tetrethylanimonic 
iodide ; from this compound potassic hydrate does not separate 
triethylamine, but partially converts it by double decomposition 
into tetrethylanunonic hydrate. This latter compound is readily 
produced in a pure state by digesting the iodide with silver 
oxide and water, and is obtained in the solid state on evapo- 
rating the solution over sulphuric acid in vacuo. The aqueous 
solution exhibits the closest resemblance to a solution of potassic 
or sodic hydrate : it is powerfully caustic ; precipitates various 
metallic salts, and is capable of saponifying ethereal salts, &c 
Tetrethylammonic hydrate is resolved on heating into triethyl" 
amine, ethylene, and water (p. 95) : 

N(C2H,),.0H = N(C3H,)3 + QH, + OH,. 

Homologues of Ethylaminey &c. — By the action of the homo- 
logues of ethylic iodide (bromide and chloride) on ammonia a 
series of homologues of the above described amines have been 
obtained, which, in all respects, bear the closest resemblance to 
them. Various cases of isomerism present themselves in the 
series : for example, the two primary monamines, propylamine, 
and isopropylamine, are isomeric, but are metameric with the 
secondary monamine ethylmethylamine and the tertiary mon- 
amine trimethylamine : — 

CH0.CH0.CH., rCH(CH3)3 fCHjj.CH3 /CH, 

H ; N CH3 ; NkH,. 

H Ih ICH, 

Propylamine. Isopropylamine. Ethylmethylamine. Trimethylamioei 

Fhenylamint^ Amxd.aUwzt'M,^^ Anilme.^VJi^^H^.— This 



N 



H ; N 

H 
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amine was originally obtained by distillation of indigo with 
potassic hydrate ; the botanical name of the indigo plant being 
Indigofera anilj it therefore was termed aniline. It has of late 
years attained to great importance on account of the numerous 
and magnificent dyes derived from it, and is prepared on the 
large scale by the reduction of nitrobenzene by iron and acetic 
acid. Aniline is a colourless oily liquid of peculiar odour at 
ordinary temperatures, but at - 8® solidifies to a crystalline 
mass ; it boils at 182°; it is only slightly soluble in water. By 
the action of ethylic iodide it may be converted successively 
into ethylphenyl-, diethylphenyl-, and triethylphenyl-ammonic 
iodide. From the two former ethyl- and diethyl-phenyl- 
amine may be separated by potassic hydrate ; the latter is con- 
verted into triethylphenylammonic hydrate on treatment with 
argentic oxide and water. Aniline forms with the various acids 
well-crystallised salts ; similarly, mono- and di-bromaniline are 
basic compounds and form salts, but the salts of dibromaniline 
are far less stable than the corresponding salts of bromahiline. 
The introduction of a third unit of bromine in place of hy- 
drogen reduces the amine to a neutral body: tribromanihne, 
N(CeH3Br3)H2, being incapable of forming salts. 

Action of Nitrous Acid on the Primary Monamines. — The mon- 
amines of the series N(CnH2n+i)H, are converted into corre- 
sponding monohydric alcohols by the action of nitrous acid : 

CnH2„+,.NH2(HN02) = CnH^^+i.OH + N^ + OH3. 

The monamines derived from the hydrocarbons of the CnHgn^e 
series and isologous series containing proportionately less hy- 
drogen may also be ultimately converted into corresponding al- 
cohols, aniline, for example, yielding phenol; but in the majority 
of cases an intermediate product — a so-called diazo-derivative — 
may be isolated ; if a salt of the monamine be acted upon, a 
diazo-salt is produced, e.g. : 



N 



V. 



^_6^5 



fCeHj 

N'" + 2OH2; 
(NOsX 



H3 + HNOj = N^ 

UNO,)' 

Aniline nitrate. Diazobenzene nitrate. 

or generally : 

NR'H3(N03) + HNOa = 'ii^^'W'^^O^ -r t.^^^^ 
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If the amine alone be acted upon a so-called diaso-<tmid(h^tr 
rivative results ' ; aniline, for example, is converted into diazo- 
amidobenzene : 

^^iiif' + HNO. - N{^*«^j,(c.Hj„3 + 20Hr 

The diazo-deri\'atives as a class, whether derived from the 
amines or the amido-acids, are highly unstable bodies: thus 
they are readily decomposed when heated with anhydrous 
alcohol, or with water, or with a concentrated aqueous solution 
of hydriodic acid. The changes which occur in these cases 
result in the formation of compounds derived from the.amido- 
compounds, the diazo-derivatives of which are acted upon, by 
the simple replacement of the NH, group by a single unit d 
hydrogen, by OH, or by a unit of iodine ; for example : 

(CeHjN.NO, + C,H^O = C^H, + HNO, + N, + C,H,0. 

]>iazoben2ene nitrsUe. Alcohol Benzene. AMehyde. 

(C,H,)N,N03 + OH, - CeH,.OH + HNO, ,+ N^ 
(<-'«HJN\NO, + HI = QH5I + HNOj + N^ 

Formation of Compound Ureas from the Amines, — ^Ammonic 
cyanate, CNO(NHJ, (formed by the union of ammonia and 
cyanic acid), it will be remembered, is an exceedingly unstable 
body, being rapidly converted into the metameric compound urea 
or carbamide, C0(NHj)2, on warming (p. 278). Cyanic acid 
also combines with the primary and secondary monamines (and 
diamines) ; the combination is accompanied by the evolution of 
much heat, and a series of crystalline bodies — ^known as com- 
pound ureas— is produced, bearing the same relation to urea that 

* Nitrous acid appears to act upon all compounds which may be 
supposed to contain the NHg group in a similar manner : either the 
amido-group is immediately converted into the (OH) group, which is 
the case when, for example, the acid amides, and the amido-derivatives 
of the acids of the acetic series are acted upon ; or a diazo-derivative is 
produced, in which case three units of hydrogen are removed and 
replaced by a single unit of (triad?) nitrogen. Hitherto little attention 
has been paid to the behaviour of the diamines and triamines with 
nitrous acid. 
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the amines bear to ammonia ; thus ethylamine and cyanic acid 
yield sthylurea (ethylcarbamide) : 

CN.OH + NH3.C3H5 = C0{^^-^2^^ 

In like manner diethylamine and cyanic acid form diethylurea : 
CN.OH + NH(C,H,), = C0{5;H.jj^^^. 

The primary and secondary monamines react with carbonic disul- 
phide forming compound sulphoureas ; thus, when a mixture of 
phenylamine and carbonic disulphide is heated, diphenylsulpho- 
carbamide is produced : 

2NH2(CeH5) + CSa = CSCNH.CgHJ^ + SH^ 

Sulphocyanates andCyanates, — When a dry mixture of potassic 
sulphocyanate and potassic ethylic sulphate (potassic sulpho- 
vinate) is distilled, ethylic sulphocyanate is produced ; 

CN.SK + C2H5KSO4 = CN.SC2H5 + K3SO4 

An isomeric compound, ethylic isosulphocyanate^ is obtained by 
distilling ethyl- or diethyl-sulphocarbamide with phosphoric an- 
hydride : 

^^InH.CH =CS.NC3H, + NH3. 



^^InRC^'h" = CS.NC3H5 + NHa-QH^. 



These two reactions may be generalised, but whereas the former 
is only available for the production of sulphocyanates of the 
series CN.SCnHjn+p the latter appears to be generally available. 
Isosulphocyanates {sulphocarbimides) are also produced by the 
union of the isocyanides {carbamines^ p. 93) with sulphur. 
The sulphocyanates, which may be represented by the formula 

Sj/pxry, appear always to boil at higher temperatures than 

the corresponding isosulphocyanates, which are represented by 

I R' 
the formula N | /pcy/: thus ethylic sulphocyanate boils at 146°, 

ethylic isosulphocyanate at 133®. The sulphocyanates are un- 
pleasant smelling liquids ; the isosulphocyanates possess most 
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pungent irritating odours. The sulphocyanates are compa- 
ratively inert bodies, and are with difficulty, if at all, attacked 
by anunonia, for example ; the isosulphocyanates, however, com- 
bine with the greatest readiness with ammonia and the amines 
to form compound sulphoureas. Allylic sulphocyanate from 
mustard-oil (p. 163) is an isosulphocyanate, hence Hofrnana 
applies the generic name of mustard-oils to the isosulpho- 
cyanates. 

By distilling the compound ureas of the form CO { xjif 

and CO { athR' ^^ phosphoric anhydride a series of isocyan- 

ates (carbimides) corresponding to the above described iso- 
sulphocyanates are obtained; the isocyanates of the series 
CO.NCnHon+i are also produced by distilling a mixture of po- 
tassic cyanate and the potassic ethereal sulphates {Suiphovinates) 
of the form CnHgn+iKSO^. The cyanates corresponding to the 
sulphocyanates are at present unknown. The isocyanates com- 
bine with the amines, forming compound ureas : thus ethylic 
isocyanate and ethylamine unite, forming a diethylcarbamide 
isomeric with the diethylcarbamide produced from cyanic acid 
and diethylamine — the latter compound yields diethylamine, 
ammonia, and potassic carbonate when boiled with potassic 
hydrate solution ; the former ethylamine and potassic car- 
bonate : 

^^InccIh,), + 2^"^ = NH(C,H,), + NH3 + K,CO,; 
COCNH.C^H,)^ + 2KHO = 2NH2(C2H5) + K2CO3. 

Like cyanic acid the isocyanates are readily polymerised and 
converted into isocyanurates (CO)s(NROs. 



Phosphines, 

The phosphines are a series of compounds bearing to phos- 
phine (phosphuretted hydrogen) the same relation that the 
monamines bear to ammonia. The following primar}', 
secondar)', and teitvar^ mO^^V ^w.^ ^l\v^l- phosphines have 
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been obtained by the action of methylic and ethylic iodide 
on phosphine * : — 



B. P. 



Methylphosphine . 


. P(CH3)H2 


■ -14° 


Dimethylphosphine 


. P(CH3)2H . 


25° 


Trimethylphosphine 


. P(CH3)3 


41° 


Ethylphosphine . 


. P(C2Hg)H2 


25° 


Diethylphosphine . 


. P(C2H5)2H 


85» 


Triethylphosphine 


prc2H5)3 


127° 



The tertiary phosphines are also produced by the action 
of the zinc organo-metallic compounds on PCI3. The 
phosphines exhibit the most striking resemblance to the 
monamines, but are distinguished by their energetic affinities 
for the negative elements, oxygen, chlorine, &c. Many of 
them are spontaneously inflammable in air or oxygen. The 
tertiary phosphines combine with the moniodoparaffins, 
forming iodides, P(CnH2n+i)4l, which are converted into 
corresponding hydrates, P(CnH2n+i)4.0H, on treatment 
with argentic oxide and water ; these hydrates are power- 
fully caustic bases. 

The following series of products is obtained on oxidation 
of the above-mentioned ethylphosphines :— 

Ethylphosphinic acid . • . PO(C2H5)(OH)2 
Diethylphosphinic acid . . PO(C2H5)2(OH) 
Triethylphosphinic oxide . • . PO (02115)3 



CHAPTER XII. 

Organo-metallic Oompounds. 

This term is applied to an important class of bodies, which 
may conveniently be regarded as compounds of the metals with 

* A description of the preparation and properties of these compounds 
will be found in the Journal of the Chemical Society for 1871 and 1872. 

Z 
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hydrocarbon groups or radicles. The metallic compoun 
of the hypothetical radicles methyl (CHg)' and etl 
(C2H5)' have chiefly been studied. The foUowing list 
some of the principal organo-metallic compounds will sei 
to illustrate the nature of these bodies : — 



Sodic ethide * . 
Magnesic ethide 
Zincic ethide 
Mercuric ethide 
Mercuric phenide . 
Mercuric naphtide . 
Stannous ethide 
Distannic hexethide 
Stannic ethide 
Stannic phenyltriethide 
Plumbic ethide 
Aluminic methide . 
Trimethylarsine 
Diarsentetramethide (cacodyl) . 
Trimethylstibine 
Triethylbismuthine . 



NaCaHs 

Mg(C2H5)., 
Zn(C2H5)2 

Hg(C2H5)2 

HgCCsH^)^ 

Hg(CioH7)2 

Sn(C2H5)2 

'Sn2(C2H5)6 

SnCC^Hs), 

Sn(C6H,)(C2H5)3 

Al2(CH3)6 
As(CH3)3 

AS2(CH3)4 

Sb(CH3), 
Bi(C2H5)3. 



Formation. — i. By tljje action of the metals on the moi 
iodoparaffins. This method is chiefly employed in the pr 
paration of the zinc compounds : 

2Zn + 2C„H2„+iI = Zn(C„H2n+i)2 + Znla. 

2. By the action of the metals alloyed with potassium ( 
sodium, on the moniodo-derivatives^ of the hydrocarbon 
This method is very generally available, and has been ei 
ployed in the preparation of the mercury, tin, lead, arseni 
antimony, and bismuth compounds, e.g. : 

^ This compound has not been isolated, and is only known in ca 
bination "wlt\i zincic ethide (see p. 340). 

^ In a few cases l\ve itvoiicJcycQictfiAetvN^v?^ are available. 
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HgNag + 2CH3I = Hg(CH3)2 4- 2 Nal 
HgNa2 -f- 2C6H5Br = Hg(C6H5)2 + 2xNaBr 
AsNaa + 3C2H5I = As(C2H,,)3 -f 3NaI. 

3. By the action of the zinc organo-metallic compounds 
on the haloid compounds of the metals. This method is 
applicable in a very large number of cases ; but has failed 
when applied to the haloid compounds of copper, iron, 
silver, and platinum : 

SnCl4 + 2Zn(C2H5)2 = Sn(C2H5)4 + 2ZnClo. 
2SbCl3 + 3Zn(C2H5)2 = 2Sb(C2H5)3 -f- 3ZnCl2. 

4. By the displacement of a metal in an organo-metallic 
compound by another and more positive metal : 

Hg(CH3)2 + Zn = Zn(CH3)2 + Hg 
3Hg(CH3)2 + AI2 = Al2(CH3)e + 3Hg. 

Zinc Organo-metallic Compounds, — Of these bodies, which are 
by far the most important of the organo-metallic compounds, 
frequent mention has been made in the foregoing pages. The 
zinc compounds of methyl (CH,), ethyl (CjHj), propyl (C3H7), 
isobutyl (C^Hg)^, and isoamyl (CsH,,)^, have been obtained. 

Zincic ethide (zinc ethyl), Zn(C2H5)2, was originally prepared 
by Frankland by heating ethylic iodide with granulated zinc in 
closed vessels at 100° ; a crystalline zincic ethiodide, ZnlC^Hj, 
is formed, which decomposes on distillation at about 150° into 
zincic ethide and iodide. Gladstone and Tribe have recently 
shown that when zinc foil coated with finely divided copper* is 
employed, the reaction takes place very rapidly and at a much 
lower temperature. Zincic ethide is a mobile, colourless, 
spontaneously inflammable liquid, which boils at 118° It is 
instantly decomposed by water with formation of ethane and 
zincic hydrate. When carefully treated with dry oxygen it is 

iC H 

first converted into zincic ethylethylate, Zn { q^ H ' ^"^ finally 

' By immersion in a dilute aqueous solution oC oi^'os. ^soSc^Joa&s.* 
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into zincic ethylate, Zn { or^H** ^o^ij^^ a<^ts upon it in the 
following manner : — 

Zn(C,H^, + I, = ZnCQH,)! + C^H J ; 
ZxiifZ^^l + I, = Znlj + C3H5I. 

The employment of the zinc organo-metaUic compounds as 
synthetic agents has hitherto been successful in three distinct 
directions: — 

1. To effect the replacement of the halogens in various haloid 
compounds by CH3, C3H5, &c. ; of which many instances have 
been given in previous pages. 

2. To effect the replacement of oxygen by CHj, CgH^, &c.,as 
in the formation of the acids of the lactic series from oxalic 
acid (p. 271). 

3. To effect the replacement of OCH3, OC3H5, OC^Han+i by 
CH3, C2H5, CnH^n+i ; as examples of which may be quoted: 

1. the conversion of boric ethylate into boric methide : 

B(OC,H,), + 3Zn(CH3), = B(CH^, + SZnlgJ,^ ; 

2. the formation of the paraffin trimethylmethane from ethylic 
orthoformate (p. 255), zincic ethide and sodium : 

2CH(OC,H,)3 + 3Zn(C,H,), + 3Na^ 

= 2CH(C2HJ3 + 3Zn + 6NaOC2H,. 

Sodic Ethide, — ^When sodium is enclosed in a tube (previously 
filled with coal gas) with about ten times its weight of zincic 
ethide, in the course of a few days it is dissolved and zinc de- 
posited : the product is a solution of a compound of sodic ethide 
and zincic ethide — NaCjHg, ZniZ^^t^ — in an excess of the 
latter. This compound is deposited in crystals when the liquid 
is exposed to a temperature of 0°. All the attempts to separate 
sodic ethide from this compound have been unsuccessful 
Sodium has a similar action on the homologues* of zincic ethide, 
and analogous compounds are formed by the action of the 
metals potassium and lithium. 

' The homologvies of zincic ethide are best obtained in a pure state 
by the action ot zmc otv t\v^ coxx^^y'^tv^^vv'^'"^^^^^^^ compounds. They 
are in all respects atvaXogpu?* coxcv^mxv^'Sw 
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Mercury Organchmetallic Compounds, — When methylic iodide 
is exposed to sunlight in contact with mercury, the two sub- 
stances combine to form mercuric iodomethide^ HglCH^. 
Strange to say, this combination cannot be efifected by the aid 
of heat. Similarly, mercuric iodoethide may be obtained by 
exposing ethylic iodide and mercury to diffused daylight only ; 
in bright sunlight the products are mercuric iodide and diethyl 
(tetrane, p. 81). 

Mercuric Methide^ Hg(CH3)2, Mercuric Ethide, Hg(C2H5)2. — 
These bodies are obtained by the action of methylic and ethylic 
iodide on sodium amalgam. The iodides have no perceptible 
action on the amalgam at ordinary temperatures, but on the 
addition of a few drops of acetic ether, a brisk action, accom- 
panied by the evolution of heat, sets in, and the iodide is rapidly 
converted into the organo-mercury compound. The function of 
the acetic ether in the reaction is not understood; it is found in 
undiminished quantity at the close of the reaction. 

Mercuric methide and ethide are highly stable bodies ; they 
are colourless liquids, insoluble in water, but soluble in alcohol : 
the former boils at 93**-96®, the latter at i58®-i6o®. In contact 
with mercuric iodide, mercuric methide is converted into mer- 
curic iodomethide. 

Organo-si/icon Compounds, 

The great similarity in chemical functions between sUicon 
and carbon has during the last few years been strikingly 
illustrated by the discovery of a number of organo-silicon 
compounds * related not only in composition but also in 
properties to various well-known carbon compounds. It 
will be evident on inspection of the following lists how 
close is the analogy between the two series : — 

* Descriptions of the preparation and properties of these compounds 
will be found in Watts's Dictionary of Chemistry, and in the Journal 
of the Chemical Society for 1871, 1872, and 1873. 
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ACE 

VMIDE,264 
ate, amylic, 256 
c, 170 
, 256 

256 

lie, 256 
lie, 256 
jrlie, 256 
ic, 256 

omailylic, 163 
c, 256 

lydride, 263 
:, 262 
ide, 264 
e, 263 
e, 264 
lene, 141, 142 

5, 230 

29 

enzene, 133 

32 

!57. 324 
, 328 

[e, 264 

, lOZ 

ide, Z03 
ide^ 103 
>inide, 103 
londe, 103 
oride, 262 
ie, 250, 254 
opionic,i92, 284 
:, 318 
287 
308 

luie, 296 
rlic, 296 
cede, 265, 298 
enzoie, 299 
iproic, 265 

,308 
287 

137, 301 
enecarboxyhc, 

ayie, 139 
uinone- 
nic, 139 



ACI 
Acid, araehidic, 250 

— aspartic, 311 

— atropic, 306 

— behenie, 250 

— benzenedbulphonic, 
176 

— benzoic, 296, 298 

— benzoylbenzoie, 142 

— benzylacetie, 260 

— brassic, 288, 293 

— bromaeetie, 262 

— bromobenzene- 
sulphonic, x2o 

— bromobenzoie, 125, 299 

— bromoglycoUic, 286 

— bromopropionic, 187, 
287 

— butyric, 250, 266 

— camphoric, 110 

— capnc, 250 

— c^proic, 250 

— eaprylic, 250 

— carbamic, 278 ^ 

— carbohydroquinonic, 
303 

— carbonic, 275 

— carboxylic, 56 

— cerotie, 250, 269 

— chloraeetic, 246, 262 

— chlorobenzoic, 302 

— ehloropropionie, 287 

— chrysophanic, 132 

— cimiciCj 288 

— einnamic, 238, 306 

— eitraeonic, 316 

— citramalic, 311 

— citratartarie, 312 

— citric, 318 

— convolvulinoleic, 284 

— cresolsulphonic, 170 

— cresotic, 300, 302 

— eroconic, 56 

— crotonic, 287 

— cumic, 296 

— cumidic, 319 

— cumylic, 296 

— cyanacetic, 6t 

— cyanic, 6S 
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ACI 
Acid, cyanuric, 6S 

— damaluric, 288 

— damolic, 288 

— desoxalic, 318 

— dextronie, 189 

— diaterebic, 108 

— diaterpenylic, io8 

— dibenzylacetie, 260 

— dibromopropionic, 287, 
290 

— diethacetie, 258 

— diethylphosphinie, 337 

— dihyarocarboxylic, 56 

— dimethaeetie, 267 

— dimethoxalic, 282, 291 

— dimethylhydroxy- 
acetic, 282 ^ 

— dioxyadipie, 312 

— dioxybenzoic, 303 

— diphenic, 34 

— disulphobenzoic, 307 

— doeelic, 288 

— elaidie, 288, 293 

— epihydric, 283 

— eruac, 288 

— ethaeetie, 258, 266 

— ethylbenzoic, 296 

— ethylcrotonic, 287 

— ethyldiacetie, 257 

— ethylphosphinic, 337 

— formic, 55, 250, 252 

— fumarie, 316 

— gaidic, 288 

— gallic, 183, 303 

— gallotanmc 305 

— gluconic, 189 

— glutamic, 311 

— glutanic, 311 

— glyceric, 180, 287 

— glycoUamidic, 266 

— glyeollic, 173, 189, 279 

— glyoxalic, 284 

— glyoxylie, 286 

— eraphitic, 54 

-- hemimelliiic, 320 

— hexahydrophtnalic,322 



344 



Index. 



ACI 
Acid, homotartaric, 3x2 
hydriodic, action of, on 
carbon compounds, 44 
hychacrylic, 28a 

■ - hydrobenzoic, 295) 

— hydrobromic, action of, 
on carbon compounds 

— hydrocarboxylic, 56 

— hydrochloric, action of, 
on carbon compounds, 

— hydrocinnamic, 296 
hydrocoumaric, 302 

■ ■ hydrocyanic, 59 

hydroferrocyanic, 63 

— hydromcllitic, 321 

- hydroparacoumaric, 
302 

— hydrophthalic, 319 

— hydroprchnitic^ 321 

— hydropyromellitic, 
321 

— hydrosorbic, 287 

— hypogaeic, 288 

— iodopropionic, 287 

— isatropic, 306 

— isoantnraflavic, 139 

— isobut\'ric, 267 

— isophthalic, 135, 320 

— isopropylacetic, 268 

— isosuccinic, 310 

— itaconic, 3x6 

— itatartaric, 212 
-- jalapinoleic, 284 
-- lactic, 280 

• - lactonic, 189 

— lauric^ 250 

— - linoleic, 292 

— maleic, 316 

— malic, 311 

• malonic, 280, 308 

— - mandelic, 234, 300 

— mannitic, 185 

— marjg;aTic 269 

— melissic, 250, 270 

— mellilotic, 300 

— mellitic, 55, 321 
-■ mellophanic, 321 

— mesaconic, 316 

— mesidic, 117, 319 

— mesitic, 117 

— mesitylenic, 117, 296 
-- mesoxalic, 312 

— metatoluic, 125, 296 

— - methacetic, 266 

— methacrylic, 287, 291 

— methethacetic, 268 

— methylamidoacetic,265 

— methylcrotonic, 287 
~- moringic. 288 

^- mucic, 185, 315 
^ myristic, 250, 294 
— myronic, 163, 199 



ACI 
Acid, naphthalene- 
sulphoniCj 131, 307 

— naphthalic, 138 

— naphtoic, 307 

— nitric, action of, on 
carbon compounds, 49 

— nitrobenzoic, 399 

— oenanthylic, 250 

— oleic, 288, 292 

— orthocarbonic, 375 

~ orthoformic, 255, 275 

— orthotoluic, 126, 296 

— oxalic, 55, 309 

— - oxyacetic, 279 
--- oxyadipic, 31 x 

— oxybenzoic, 300 

— /8-oxybutyric, 257 

— - oxycholic, 172 

— oxymethylbenzoic,3oo, 
302 

— oxynaphtoic, 307 

— oxysaucylic, 303 

— oxysuberic, 311 

— palmitic, 2^0, 26p 

— parabromobenzoic, 125 
- paralactic, 282 ^ 

— paranitrobenzoic, X25 

— paroxybenzoic, 300 

— paraxylic, 126, 296 

— paratoluic, xas, 296 

— pelargonic, 250 

— - pentaDromobenzoic, 
299 

— pentadecylic, 269 

— - phenolsulphonicj 168 

— phenoldisulphonic, x68 

— phenylangelic, 306 

— phenylbenzoic, 139 

— phenyllactic, joo, 302 

— phenylpropiohc, 307 

— phloretic, 302 

--■ phthalic, 132, 319 
--■ physetoleic, 288 

— - pimelic,^ 308 

— propionic, 182, 250, 266 

— prennitic, 32x^ 

— protocatechuic, 303 

— propylacetic, 267 

— pyromellitic, 321 

— pyromucic, 232 

— pyroracemic, 284 

— pyrotartaric, 308 

— - pyroterebic, 287 

— pyruvic, 283 

— quinic, 176, 303 

— • racemic, 3x3 

— rhodizonic, 56 

— ricinoleic, 284 

— roccellic, 308 

— rufigallic, 304 

— saccnaric, 185, X9x, 3x5 

— • saWc^Wt, -jpo 

— saico\a.cX\t, i%ci 



ALC 
AddL silicoacedc, 343 

— silxcoformic, 342 

— silicop rop ioiuc, 34a 

— silicooxalic, 342 

— acrbic, 993 

— stearic^ 250, 269 

— stearohc, 297 

— suberic, 308 
I — succinic 3p8 

i — sulphoacetic^ 279 
• — sulphobeiuoic, 320 

— sulphocarbonic, 59 
; — sulphocyaiuc, 69 

I — sulphovinicQZf 152, 320 
! — tannicp 304 

— tartaric^ 3x2 

— tartronic, 311 

— tartrophthalic, 322 

— terebic, ro8 

— terephthalic, xx6, xas, 
320 

— terpenylic, xo8 

— tetrah3^dFophthalic,33i 

— tet]:t>leic, 293 

— thiacetic 2(^4 

— thioglycollic, 279 

— thvxnotic, 300, 302 

— toluic, xt6, 296 
<— toluenesulpAxonic, X35 

— tricarballylic, 3x7 ^ 

— trichlorophenoinali^ 
316 

— txi^lycolamidic, 266 

— trihydrocarboxylic, 56 

— tiimellitic, 320 

— trimesic, 320 

— trixnethacetic, 268 

— valerianic, z6z, 367 

— valeric, 250, 267 

— xylic, 126, 296 

— xyUdic,3X9 
Acid amides^ 09, 347 
Acid anhydrides, 39^ S4S 
Acid chlorides, 39, 346 
Acids. 239 

— amic,^ 247 

— etheric, 273 

— haloid subsdtutkm- 
I derivatives of, 246 

I — ortho-, 255 

j Acrolein, 162, z8z, 231 

I Alanine, 266 

' Alcohol.^ allylic, x6x 

I — amylic, x6o 

■ — benzylic, 170 
: — butylic, 157 

■ — cerylic, x6i 

— cctylic, x6z 

— cmnamic^ X7x 
, — dibromoprop3^c 290 
I — ethylic, 152 

! — isobntylic, 157 
— >s«OTo^lic 156, xSi 
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lethylic, 150 
x}maJlic, 163 
c (phenol), 167 
dlylic, 171 
)ropylic, 171 
:ylic, 163 
c, 156 

\ 177 
he, 108 

» 157 

:s, 154 . ^ 
conversion or, 

ehydes by oxi- 

216 

f the ethylic se- 

of homologous 
leric, 144 

acetic, 154, 224 
of chlorine on, 

231 

23s 
, 233 
, 221 
, 221 
:, 22 X 
ic, 238 
:, 227, 230 

235 
221 

ric, 221 

lie, 221 

ylic, 221 

238 

yric, 227 

0,238 

c, 221 

lie, 221 

c, 178, 235 

acetic (chloral), 

rocrotonie, 228 

, 221 

-ammonias, 218 

-redn, 225 

s, 214 

sation products 

26 

irides of, 225 

rip 

) 

137. .138 ^ 
action of, on 
compounds, 51 

lylcarbinol, z6i 
ylcarbinol, 161 
^Icarbinol, 161 
101, 104, 317 
ene, 132 
dide, z8i 
£, z8i 
lide, 163 
ol, 237 



Amy 
Amy 
Amy 
Amy 

Amy 



ALL 
Allylic sulphide, 163 
Allylic sulphoeyanate,i63 
Alluminic methide, 337 
Amarine, 2^4 
Amides, acid, 247 
Amidobenzenes, 124 
Amines, 329 
Amygdahn, 190, 233 

ene, 94, 100 

in, 197, 198 

glycerin, 178 

oids, 186, 196 
Aon\ 186, 194, 197 
Anhydride, acetic, 263 

— acetobutyric, 263 

— eitraconic, 317 

— diacetotartanc, 314 

— lactic, 380 

— maleic, 316 

— phthalic, 319 

— succinic, 310 

— tetrahydrophthalie 321 
Anethol, 237 

Aniline, 332 
Anise-oil, 237 
Anise-camphor, 237 
Anol, 237 
Anisols, 209 
Anthracene, 134, 137 

— dihydride, 138 

— hexhydride, 138 
Anthracnrysone, 303 
Anthraflavone, 302 
Anthrapurpunn, 139 
Anthraquinone, 134, 

Arabin, 201 
Arabinose, 192 
Argentacetamide, 264 
Asparagine, 31 z 
Atropine, 306 



BENZENE, 112, 121 
— hexabromide, 122 

— hexachloride, 122 
Benzoic aldehyde, 233 

— chloride, 234, 299 
Benzophenone, 142 

benzene, 136 
rlene chloride, 119 
ethvlbenzene, 141 
ic chloride, 119,170 
toluene, 137, 141 
Benzylxylene, 141 
Birotation, z88 ^ 
Bitter almond oil, 233 
Boric ethylate, 340 
Borneol, zii, 164 
Bromanilines, 333 
Bromanthracenes, 138 
Bromethylenes, 96 
Bromine, acliou o^, 



138, 



Benzy 
Benzy 
Benzy 
Benzy 
Benzy 
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carbon cotupouTvds, 41. 



CHL 
Bromine, determination of, 
in carbon compounds. 10 
Bromhydrins, 180 
Bromobenzene, 123 
Bromobenzenes, 123 
Bromophenols, 168 
Bromosalicylol, 236 
Brdmotoluenes, 125 
Butylene, 04, 100 
Butylic iodides, 159 
Butyrone, 324 



CAMPHENES, J09 
Camphol, xxx 
Camphor, no 
Cane-sugar, 193 
Caramel, x88 
Carbamide, 278 
Carbamines, 92 
Carbimides, 336 
Carbinol, 1^0 
Carbinol, dimethyl, 156 

— dimethylisopropyl, 216 

— ethyl, 156 

— isopropyl, 157 

— methyl, 152 

— methylethyl, 157 

— propyl 1 57 X 

— tnmethyl, 157 
Carbinols, 144 
Carbohydrates, 186 
Carbon, action of oxidis- 
ing agents on^ 55 

— detection of, in organic 
compounds, 2 

— heat of combustion of, 

— estimation of, in or- 
ganic compounds, 2 

Carbonic anhydride, 56 

— disulphide, 57 

— oxide, 55 

compound of, with 

X)0tassium, 55 
compound of, with 

platinous chloride, 56 

— oxychloride, 56 

— oxysulphide, 59 

— tetrachloride, ^ 
Cellulonitrins, 200 
Cellulose, 199 
Cerotene, 94 
Cetene, 94 
Chinese-wax, 161 
Chloracetals, 155 ." 
Chloral, 228 

— alcoholate, 154 

— hydrate, 228 
Chlorine acetate, 245 

— action of, on organic 
compoutv<i&, ^-i. 
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Chlorhydrins i8o 
Chlorobenzenes, 123 
Chloroform, 88 
Chloronaphthalenes, 136 
Chloronitromethane, 90 
ChlorophenoU, 16S 
Chloropicrin, 88 
ChIorosalic>'loI, 236 
Chlorotoluenes. 1x8, 125 
Cholcsterin, 172 
Chryscnc,_ 134 
Chrysoquinonc, 135 
Cinnamene, 132 

— dibromide, 127 
- dichloride, 127 

Cinnhydramide, 238 

Citrenes, 105, 106 

Collodion, 197 

Conine, 219 

Const iiutiun of carbo- 
hydrates, 202 

Coumarin, 236 

Creatine, 265 

Cresol, 169 

Crotonylcne, loi 

Croton-oil, 290 

Cumene, 127 

Cumin, oil of Roman-, 126 

Cupric reducing power of 
carbohydrates, 188 

Cuprous acetylide, 102 

Cyamelide, 68 

Cyanamide, 69 

Cyanethane, 91 

Cyanides, double, 61 

Cyanogen, 65 

- - chlorides of, 67 
-- - hydrates of, 68 
Cyanopropane, 93 
Cymene, 107, 127 



DECINE, 104 
Dehydrating 
agents, action off 51 

Dextrin, 197 

Dextrose, 187 

Diacetenylbenzene, 134 

Diallyl, 104 

Diallylmethylcarbinol, 
164 

— propylcarbinol, 164 

— ^^isopropylcarbinol, 164 

Diallyltetrabromide, 104, 
126 

Diamines, 329 

Diamylene, 94, 100 

Diarsentetramethide, 338 

Diastase, 190 

Diazo-compounds, 301,333 

^'benzyl, 141 
ibromethane, 99 

mobenzenes, iso- 
meric, 131 



jjiazo 
^&bro 



DIK 
Dibromoglycid, 163 
Dibutynudine, 219 
Dichlorethane, 98 

: Dichlorhydrin, 156. x8o 

' Dichloromethane, 88 

; Diethyl, 81 

\ . Diethylamine, 331 
Diethylated acetone, 334 
Diethylbenzene, 1x4 
Diethylcarbamide, 334, 

: Diethylmethj'lbcnzene, 

"4 
Diethyloxamide, 331 
Diethylphosphine, 337 
Diethylurea, 335 
Diiodethane, 99 
Dimesitylmethane, 224 
Dimethyl, 80 
Dimethylanthracene, 135 
Dimethylbenzenes, xx4» 

Dimethylcarbmol, 156 

Dimethylethylene, 100 

Dimethylphosphine, 537 

Dinaphthyl, 136^ 

Dinitroanthraquinone, 134 
I Dinitrobenzene, x2o 
I Dinitrophenols, isomeric, 

169 
■ Dioxymethylene, 222 

Diphenyl, 141 

Diphenylmethane, 141 

Diprofjar^l, 129 

Dissociation of com- 
pounds by heat, 16 

Distannic hexethide, 338 

Ditolyrl, 141 

Diureides, 220 

Dulcite, 185 

Durene, 114 

Dutch-liquid, 98 



EMPIRICAL for- 
mulae, 12 
Emulsin, 190^ 
Kpichlorhydrin, 180 
Erythrite, 158, 184 
Erythromannite, 184 
Essential oils, 105 
Ethane, 80 

— chlorinated derivatives 
of, 98 

Ether, acetic, 256 
-- butylic, 212 

— ethylic, 206, 210 

— - ethylic amy lie, 211 

— ethylic propylic, 212 
• - methylic, 212 

— - methylic ethylic, 212 



ETH 

Ether, phensrlic, 208, 
3x0 

— propylic, aia 
Ethereal acetates, 356 

— salts, action of sodic 
eth^late on, 261 

Etheric acids, 373 
Ethers, ao6 

— preparation of, ao6 

— properties of. aog 
Ethide, xnagneac, 335 

— mercuric, 338 
— plumbic, 338 

— sodic, 338, 340 

— stanxuc, 338 

— stannous, 338 

Zr«ncic..338, 339 
Ethylaxxune, 331 

Ethylbenzene, 113, 125 

Ethylcarbainide, 335 

Ethyicarbinol, 156 

Ethyldimethylbenzeoe, 

Ethylene, 94, 97 

— chloride, 98 

— bromide, 99 

— iodide, 99 
Ethylethyfene, zoo 
Ethylic acetoacetate, 

chlorinated, xne^lic 
and nttroso-derivatives 
of, 361 
Ethylidene chloride, 98 

— bromide, 99 
EthylmethyU^nzene, 114 
Ethylnaphthalene, X37 
Ethylphenylaminonic 

iodide, 333 

Ethylphosphine, 337 
Ethylurea, 335 
Ethylic acetate, 356 

action of sodium on, 

256 
, action of sodic ethyl- 
ate on, 261 

— acetoacetate, 359 

— acetodiethacetate, 25> 

— acetoethacetate, 359 

— acetosodacetate, 259 

— bromide, 85 

— carbonate, 277 

— chloride, 85, 98 

— chlorocarbonate, 277 

— cyanide, 92 

— diethacetate. 258 

— diethacetone carbon- 
ate, 258 

— diethyloxamate, 331 

— dimethoxalate, 291 

— ethacetate, 258 

— ethacetone carbonate, 
\ 258 

\ ~ ^^^^^^«N action of sodic 
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Glycosine, 310 
Glyon], ,38 
GlyoiaJine, jjg 
Grapc-auBu-, iBj 
Gtaphic lonniilie, jB 
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Heiylic iodide, 1B5 
Hydramidea, 319 
Hydric aliyilc sijphali 

HySobooMnidc, 13* 



Hydracyanbciiiii 



Hydrogen, delection atir 

Hydtolysi. ,90 
Hydfoquinone, 169. 176, 

HydroBalicylam'ide, 336 
TNOSITE, .93 



iMblilylEne. 94, I, 
Isobuiylcurbinol, , 
IsobuCylic buiyriic 

— sulphydiale, 30 
Isndinaphihyl, iji 
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Iodoform, flg 
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MET 
Methylbenzene, 124 
Methylbenzophenone, 142 
Methylcarbinol, 152 
Methylene chloride, 88 
Methylenitan, 223 
Methylethylcarbinol, 157 
Methylic chloride, 87 

— hydride, 79 

— iodide, 89 

— nitrite, 90 

— oxalate, 151 

— sulphydrate, 205 
Methylnaphthalene, 137 
Methylphosphine, 336 
Milk-sugar, 194 
Molecular formulae, 14 
Monamines, 329 
Monamines, action of ni- 
trous acid on primary, 

,333 

Monobromobenzene, 123 
Monobromocamphor, iii 
Monochlorethane, 85, 98 
Monochlorethylene, 98 
Monochlorobenzene, 122 
Monochlorhydrin, 180 
Monochloromethane, 87 
Monoformin, 162, 253 
Mustard-oils, 336 
Myricin, 161 

NAPHTHALENE, 
134 
Naphthol, 172 

Naphthoquinone, 136 

Nitriles, 92, 248 

Nitroanthracenes, iso- 
meric, 135 

Nitrobenzene, 120 

Nitroethane, 90 

Nitrogen^ detection and 
determination of, in 01- 
ganic compounds, 7 

Nitroglycerin, 182 

Nitromethane, 89 

Nitronaphthalenes, 131 

Nitrooctane, 89 

Nitrophenols, 168 

Nitrotoluenes, 125 

Nitrotrichloromethane,88 

Nonylene, 94 

OCTYLENE, 94 
(Enanthol, 285 
Oil of cinnamon, 238 
defines, 93 
Olein, 178 
Orcin, 175, 177 
Orthoxylene, 114, 125 
Organo-metalUc com- 
pounds, 337 
Organo-silicon com- 
pounds, 340 



OXA 
Oxaldines, 210 
Oxide, triethy Iphosphinic, 

Oxidising agents, action 
of, on carbon com- 
pounds, 46 



PALMITIN, 178 
Paraffin, 82 
Paraffins, 70 

— list of homologous and 
isomeric, ^y 

— cyano-denvatives of 
the, 90 

— nitro-derivatives of 
the, 89 

— haloid derivatives of 
the, 84 

Paraldehyde, 226 
Paranthracene, 138 
Paraxylene, 114, 125 
Pectous substances, 202 
Pentamethylbenzene, 126 
Pentane, 82 
Peroxides, acid, 249 
Picolin, 219 
Phenol, 167 
Phenanthraquinone, T34, 

329 
Phenanthrene, 139 
Phenoquinone, 169 
Phenylamine, 332 
Phenylbutylene, 132, 135 
Phloro^lucin, 183 
Phloretm, 183, 302 
Phloridzin, 302 
Phosphine, diethyl, 336 

— dimethyl, 336 

— ethyl, 336 

— methyl, 336 

— triethyl, 336 

— trimethyi, 336 
Phosphonic iodide, 121 
Phosphorus, determina- 
tion of, in organic com- 
pounds, 10 

— dissociation of, 17 
Polymerism, 28 
Propane, 8x 
Propionamide, 92 
Propione, 324 
Propionitrfles, 93 
Propylacetylene, loi 
Propylbenzene, 1x4 
Propylcarbinol, 157 
Propylene, 94, 99 



— chloride, 179 
Propylmethyl benzene, 1 14 
Pseudobutylene, 94 
Pseudocumene, 1x4, 126 
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Pyroxylic spirit, 151 
Pyrozlin, aoo 



QUINONE, 177 
Quinones, 129, 329 

■n ATIONAL formuhe, 

R^rcin, 176 
Rutylene, xoi, 104 

C ACCHARIDES, 190 
O Saccharose, 190 
Salts, cAereal, 243 

— haloid, 245 

-- metalhc, 242, 243 
Salicm, 177, 235 
Salicylol, 235 
Saligenin, 177, 235 
Sarcosine, 265 
Silicon compounds, or- 

gano-, 340 
Soap, X78 
Sodic ethide, 338 

— ethylic carbonate, 26 
Sodium triacetyl, 257 
Soluble starch, 196 
Sorbin, zp^ 
Sperniaceti. i6z. 251 
Staimic phenyltriethide, 
^33-8 

Starch, 186, 196 
Starch cellulose, 197, 198 
Stearin, 178, 182 
StoraXj 127 
Styracm, 17X 
Sulphates, acid ethereal, 

207 
Sulphocarbamide, 278 
Sulphocarbamides, 335 
Sulphocyanates, 335 
Sulphomc acids, 206 
Sulphourea, 278 
Stilphur, determinationof. 

in organic compounds, 

zo 
Synaptase (emuldnX 233 

TANNIN, 305 
Tannins, 304 
Terpenes, Z05 
Terpilene, zo8 
Terpilenol, zo8 
Terpin, 109 

Tetrabromethane, 89 
Tetrachlorethane, 99 
Tetrachlorobenzene, m 
1 Tetrachloromethane, 89 
\ "X^xswaethylbenzene, 126 
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ine, 89 
e, 225 
)ls, 203 
I, 212 
I, 232 
•1, 232 
,205 
n, 205 

is, 170 



[2, Z24 

ehyde, 228 
ane, 98 



TRI 
Trichlorhydrin, 179 
Trichloromethane, 88 
Triethylamine. 330 
Triethylphosphine, 337 
Triethylbismuthine, 338 
Triiodomethane, 89 
Trimethylarsine, 338 
Trimethylbenzenes, X14 
Trimethylmethane, 8z 
Trimethylstibine, 338 
Triphenylmethane, xsfi 
Triureides, 220 
Turpentine, oil of, 105 



UREA, 2, 278 
Ureas, compound, 

Ureuanes, 278 



ZIN 

VAPOUR density, de- 
termination of, 19 
Valylene, 104 
Valerylene, loi 
Vinylic chloride, 98 



XYLENE, 11^, 125 
Xylylic chloride^ 



13s. . 
Xyloidin, 



194 



ZINCIC ethide, 339 
Zinc ethyl, 339^ 
Zinc, organo-metallic 
' compounds of, 339 
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